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_ IMPROVED EFFICIENCY OF THE ST. LOUIS PUMPING 
STATIONS 


; e both from a theoretical as well as a practical standpoint, yet it is a 
fact that less attention has been given to this subject in the technical 
journals and in papers read before professional societies than to other 

__ branches of engineering connected with the supply of water to a munic- os 
_ ipality. When it is considered that large sums of money are spent — 
- annually in maintaining these pumping stations, and that the major — 
portion of these expenditures are for pumping equipment, fuel and 
labor, the importance of close attention to economy becomes apparent. | 
Close attention to operating details connected with pumping stations — 
_ will often result in quite a substantial saving, even without the neces- 
sity of changing existing equipment. For instance, cracks and air 
leaks in a boiler setting can, and frequently do, produce a heat loss of _ | ~ 
10 per cent, and when coal bills amount to $150,000 or more annually, => 
this 10 per cent means a saving or loss of $15,000 per year. " 
Probably one of the eng drawbacks to obtaining maximum 


operating section and the engineering section. This con- 
dition of anne is rapidly being eeamneion, due to the fact that _ 
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on 
By Leonarp A. Day 
: 
i While hardly any one will dispute that the economical operation of Rae 
4 
3 1Read before the Richmond Convention May 8, 1917. q 


of the equipment included in these stations is now under the super- 
vision of but one engineer. It thus becomes possible to secure a 
thorough coéperation between the operating section and the engineer- 
ing section, with a resultant economical improvement in the efficiency 
of operation. 

Perhaps no means will serve better to present this subject than to 
dwell for a short time on what has been done in St. Louis during the 
past five years to improve the operating efficiency of its various 
pumping stations. St. Louis has one low-service pumping station 
and three high-service stations. 

7 Six years ago the equipment at the low-service station included four 

- Allis Chalmers crank-and-flywheel 30,000,000-gallon pumping engines 

and two direct-acting high-duty, Worthington 20,000,000-gallon 
pumping engines. Steam was supplied by eight water-tube boilers 
through four separate 8-inch headers. Six of these boilers were the 
National type of 365 horse power each, while two were 250-horse 
power Heine type, making a total of 2690 horse power based on 10 
square feet per boiler horse power. All of the boilers were handfired 
and equipped with downdraft furnaces. The National boilers were 
installed in 1894 and were retubed in 1911. The Heine boilers were 
bought in 1907. All the boilers were originally provided with lapseam 
drums, a decidedly undesirable feature. The breeching areas were 
- cramped, the stack capacity was not sufficient, the boiler supports 
and settings were badly in need of repair and the steam headers and 
fittings were poorly arranged and were giving constant trouble, due 
_ to lack of proper provision for expansion. In short, the plant was in 
~ need of a thorough overhauling, in order to bring it up to the standard 
of efficiency and service. 
When it was decided to overhaul this station it became a question 
_ as to whether new boilers were to be installed or the old boilers re- 
built. The particular type of boiler in this station lent itself well to 
rebuilding and this course was adopted. New boilers at this time 
would have cost $12 per horse power, or a total of $32,280. The actual 
cost to overhaul and replace defective parts on the old boilers, includ- 
ing new drums with double-riveted butt-strap joint, thereby render- 
ing them practically new, was $15,166. The resultant saving, there- 
fore, due to reconstructing the old boilers amounted to $17,114. 

It is not necessary to dwell at length on the possibilities resulting 
from the adoption of automatic stokers, coal and ash handling equip- 
ment and superheaters in a plant of this size. While the actual 
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—— phe, may not be increased, the saving in labor pays well 
for the investment. Generally speaking, the efficiency of the boilers 
is also increased, in spite of the fact that a fuel of lower heat value 
and greater ash content is used. 

Chain grate stokers were installed under each of the boilers. Over- 
head steel bunkers having a capacity of 600 tons of screenings were 
provided, as well as ash storage bunkers of 60 tons capacity. A 
bucket conveyor distributes the coal in the bunkers and also conveys 
the ashes to the ash hoppers from which they are dumped into rail- 
road cars. 

Superheaters have been installed in each boiler setting. In the 
National boilers, the superheaters were located between the top row 
of tubes and the drums. The space between the drums and the 
tubes in the Heine boilers being small, prohibited the location of 
superheaters at this point, and it was decided to place them in the 
combustion chambers behind the bridge wall. This is a comparative- 
ly new move in superheater construction. The temperatures here 
are as high as 2500°, but the superheaters apparently are not affected 
by these conditions. 

Another decided step towards improved economy was the installa- 
tion of a loop steam header. Originally there were four separate 
headers, one from each battery, running over the tops of the boilers 
and connected together by a manifold at the south end of the boiler 
room. It is readily understood that the maintenance of these headers, 
including the numerous valves and fittings, was high. 

The scheme adopted was to provide a 10-inch header supported 
on the boiler columns, and running the entire length of the boiler room. 
This header was carried through into the engine room and extended 
full size to the middle of the house, where it was reduced to 8 inches 
and the return loop, being only for emergencies, was made 6 inches 
throughout both the engine and boiler rooms. In view of the fact 
that superheated steam was to be used, all fittings were made of steel, 
valves having steel bodies and monel metal trimmings were used, 
and the flanges were extra heavy, with male and female joints, and 
made up with asbestos superheat gaskets. 

Iron galleries and platforms accessible by means of permanent 
stairs and ladders, were built around the conveyor, drums, and steam 
valves. This eliminates the need of temporary scaffolding when 
repairs have to be made, and is conducive to keeping the machinery 
in first class shape, which in turn promotes good economy. No con- 
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dition in a plant is more destructive to good economy than an incon- 


venient arrangement of the boiler appurtenances. For instance, if 
the fireman has to walk around to the rear of his boilertooperatethe 


dampers, the result generally is that the damper is not operated as it 
should be, or if the steam flow meter is located at a place where it is 
not easily seen or adjusted, it soon becomes’ worthless. 

In arranging the various appurtenances for controlling the opera- 
tion of the boilers at the station under discussion, care was taken to — 
locate all apparatus as conveniently as possible. The damper levers 
are extended to the front of the boilers and a fireman in operating 
them can keep his eye directly on the draft gauge and observe the 
results. The steam flow meters are located on brackets about 7 feet 
above the floor where they can be seen and easily adjusted. 

Due to the desirability of burning a lower grade of coal and the 
necessity of increasing the boiler capacity, a new stack became neces- 
sary. With proper alterations in the foundation of the old stack it 
was made amply strong to support the new one. 

The new stack is of brick and reinforced concrete construction 
225 feet high, with a fire-brick lining extending 80 feet above the 
base. The inside diameter at the base is 9 feet 6 inches and at the 
top it is 8 feet 8 inches. The stack will accommodate four 365 
horse power boilers operating at 150 per cent rating, a total of 2200 
horse power. It was designed on the assumption that screenings 
containing 10,000 B. t. u. per pound would be burned and is provided 
with approximately 22 square inches of sectional area per square 
foot of grate surface at normal rating, or practically 4 square inches 
per horse power. 

It might be of interest to some to know that the fire-brick lining 
was laid up with a mortar composed of 3 parts cement, 5 parts fire 
clay, and 2 parts river sand. The remainder of the brick work was 
laid upwith 23 parts of sand and 1 part of cement, with 10 pounds 
of lime to every 100-pound sack of cement. The entire stack was 
laid up with standard square brick. 

In order to keep a continuous and reasonably accurate record of 
the performance of the boilers and stokers, an automatic scale and 
weigh hopper was installed above each stoker. These scales weigh 
the coal in 100-pound lots before it is dumped into the stoker hopper, 
and also automatically record each dump. Tests conducted by al- 
lowing the scales to discharge into a box which could be actually 
weighed have shown that the automatic weighing device is accurate 
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within 1 per cent. The boiler feed water is measured by means of _ 


a Venturi meter. From time to time the Department has tested — i 


the accuracy of these meters by actually weighing the water after it — a 
has been metered. It has been found that the meter is very reliable 

even when used with the reciprocating boiler feed pumps on the — 
main pumping engines. In this station, however, turbine-driven C 
centrifugal boiler feed pumps are used, which of course are ideal ae 
when for use with the Venturi meter. 

The first pumping engines installed were the two 20,000,000- 
gallon high-duty compound direct-acting Worthington pumps a 
viously mentioned, built in 1894. They were followed promptly — 
with two 30,000,000-gallon compound crank-and-flywheel — 
ing engines built in 1895, and two more in 1899. The Worthington _ 
pumps, due to their small capacity and poor economy, were replaced oa 
during 1911-12 by two steam-turbine-driven centrifugal-pumps, each 
having a normal capacity of 40,000,000 gallons daily. Thus a net e wie: 
increase in capacity of 40,000,000 gallons per day was secured. ia 

In order to determine accurately the difference in cost between the : 
repairs and maintenance for turbine-driven centrifugal pumps, as a i 
compared with crank-and-flywheel, cross-compound pumping engines, ! 
separate records have been kept of this cost for each since 1912. 
These records show that repairs and maintenance for the turbine _ 
pumps amount to an average of $413 each per annum, against $940 
each for the compound pumps. This speaks well for the centrifugal — 
pump. The fact is that for low-service work, especially when han- Ds és 
dling water containing sand and mud, and needle i ice in cold weather, — - 
the centrifugal pump is far superior to the reciprocating pump. 


An accumulation of sand occurs in the wet well between the suction ae ee | 


pipes, due to a steady deposit in the quiet portion of the water in ‘ie 
this location. Ice surging back and forth in the well is apt to throw — iw 
these pyramids of sand into the suction pipes in such large quantities e. oe Ao. 
that the reciprocating pumps cannot handle it, with the result that _ Bi 
a pump barrel bottom is pushed out or other injury done. This ba 
has happened on two occasions. Of course, the centrifugal pump is - 
not subject to this defect. a 

As originally installed, the circulating water for the condensers on ce ae 
the reciprocating pumps was taken from a main carrying purified EP a 
water. This amounted to about 20,000 galions per hour for each — ee 
pump, or 1,440,000 gallons per day for three pumps. Pee 
amount of water cost $4.32 per day or $1575 per year. 
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location for condensers on pumps of the capacity of those under dis- 
cussion is in the main suction or discharge pipe. Accordingly new 
condensers were bought and located in the discharge pipes of each 
engine. ‘These condensers cost in the neighborhood of $3000 each 
and the actual saving, therefore, in water alone amounted to the 
price of one condenser in two years. 

Feed-water heaters were installed in the exhaust pipes from the 
low-pressure cylinders, and by their use it was possible to secure an 
average increase in feed-water temperature of 25°. The average 
steam consumption on the compound pumping engines is 120,000 
pounds per day. The total heat reclaimed per engine per day then is 
120,000 « 25 = 3,000,000 B. t. u. This is equivalent to 2,705 pounds 

of steam per day, and with steam at 23.8 cents per thousand pounds 

a amounts to an annual saving of some $564. Added to this is the 

advantage of having hotter feed water for the boilers. The heaters 

$290 each. 

7 Sand in the water at the low-service station creates an excessive 
amount of wear on the pump plungers and packing. The difficulty 
has been largely overcome by adopting the following method of 
packing the plungers. A ring of flat tux packing is first inserted 
in the gland, on top of which a ring of soft marlin is placed, followed 
by one of hard marlin, then a second soft marlin ring and finally 

oe ring of flat tux is inserted, on which the follower gland is brought 

a down. To pack a complete pump requires 32 pounds of 1 X 2 inch 
flat tux, 140 pounds of hard marlin and 65 pounds of soft marlin. 

Formerly the pumps were packed complete with flax and a ring 
of tux, top and bottom, requiring 180 pounds of flax per pump. At 
present prices, the marlin costs $76 per pump and a set of flax pack- 
ing would cost $68. However, fully twice the service is obtained 
from the marlin as from the flax, and the service of the plungers 
before it becomes necessary to renew or turn them down is about 
twice what it formerly was. 

Recent tests on one of the compound pumping engines shows that 
the efficiency of these units has not fallen off materially during their 
twenty-one years of service. The original official duty of the pump 
tested was 118,000,000 foot-pounds per 1000 pounds of steam, while 
the test in question showed a duty of 116,500,000 foot-pounds per 
1000 pounds of steam. This test was conducted without any special 
preliminary tuning up, and indicates the average running conditions. 

Each pumping unit is equipped with a Venturi meter which indi- 


bigs 
ari 
- 
~ <u 
= 
‘ov 7 
a 
Ay 
or 
a 


EFFICIENCY OF THE ST. LOUIS PUMPING STATIONS 
cates, integrates and records the water pumped in gallons. The 
Venturi meter is especially desirable in low-service stations handling 
water containing grass and sticks, which are apt to tangle in the 
valves thereby increasing the slip. Before installing the meters in 
this station, the slip was assumed to be constant at 10 per cent and 
no means were available for telling when there was an excessive 
accumulation of débris under the valves, holding them open and 
seriously reducing the capacity of the pumps. It was the practice 
to open the valve chambers at regular intervals and thoroughly clean 
them out. They were invariably found choked up and a waste of 
energy was taking place. With the installation of the meters, how- 
ever, any decrease in delivery can be detected at once and corrected. 
Thus the pumps are kept up to capacity and this source of waste 
eliminated. 

Muddy, sandy water interferes seriously with the operation of the 
Venturi meter, and without some means for flushing out the pressure 
pipes connecting the meter proper with the Venturi tube, and main- 
taining clear water in these pipes, the instrument would soon become 
choked up and useless. To prevent this choking up, pipes carrying 
filtered water are connected to the pressure pipes just before they 
enter the meter, and by means of valves properly located it is pos- 
sible to flush out the pressure pipes into the meter tube, thus ke »p- 
ing them clean and preventing their becoming choked up. When 
the meter is in service there is no circulation in the pressure pipes, 
and if once filled with clean water they remain full and dirty water 
does not enter. It is customary in starting up an engine to cut the 
meter out, turn on the clear water and keep it on until the pump is 
well under way, after which the clear water is shut off and the meter 
is put in service. Thus the pressure pipes are filled with clean water 
and remain so throughout the run. 

These remarks, while referring specifically to reciprocating pumps, 
are equally true of centrifugal pumps. Sticks and floating material 
lodging in the passages in the impeller interfere seriously with the 
delivery and it is essential to have some means to indicate when the 
sapacity falls off excessively. The Venturi meter serves this purpose 
thoroughly and is a desirable asset for the low-service plant. 

At Bissell’s Point, there are at present two stations, No. 1 and 
No. 2. Originally each station was supplied with steam from its 
own boiler house, which necessitated the up-keep of two complete 

um plants, the unloading of coal in two coal sheds and two sets 
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of ash handling equipment. It was perfectly possible by installing 
a steam pipe tunnel between the two stations, to operate No. 1 engine 
house from No. 2 boiler house. In order to accomplish this, the 
capacity of No. 2 boiler house was doubled, by installing four addi- 
tional 350 horse power water-tube boilers. Chain grate stokers for 
all the boilers, a belt coal conveyor, a crusher and track hopper were 
installed, and a steam jet ash ejector and storage bin of 90 tons 
capacity were also provided. The entire load was thrown on No. 2 
boiler house in June, 1916, and a saving in salaries alone of some 
$15,000 per year was effected at once. The essential difference be- 
tween this station and the low-service plant just described, is that a 
separate belt conveyor handles the coal, and the ashes are handled 
by means of a steam jet ash ejector, which apparatus was selected 
owing to the necessary arrangement of the boilers in the station. 
There are four boilers on one side and four on the other, separated 
by a firing aisle through the center, and it was not practicable to 
arrange a bucket conveyor so that both coal and ashes could be 
handled by it. For this reason a belt conveyor was adopted lead- 
ing from the crusher at the rear of the coal house up an incline to the 
overhead bunkers in front of the boilers. This belt is 18 inches wide, 
and has a capacity of 50 tons of coal per hour. A track hopper, cross 
conveyor and crusher were installed and the coal handling equip- 
ment made complete. 

Plans have been made to utilize the belt conveyor for storing coal 
in the coal shed through which it passes. Scrapers will be provided 
for discharging coal from the belt into the shed and a secondary or 
reclaiming conveyor will be installed in a small tunnel under the coal 
house floor, which will convey this stored coal back onto the main 
belt when occasion demands. Thus a cheap and effective means for 
handling stored coal will be available, and the reliability of operation 
materially improved. 

The steam jet ash ejector was installed in duplicate, a separate 
system being provided for each side of the house having sufficient 
capacity to handle six tons of ash per hour with 2,200 pounds of 
steam. 

Venturi meters for boiler feed and automatic scales for coal per- 
mit keeping an accurate record of the performance of the station 
and detecting any decrease in efficiency due to improper firing con- 
ditions or any contigencies that may arise. Automatic stop and 
check valves were provided for each boiler and all fittings were made 
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same construction was as that described in the 
low-service station. 
_ The pumping equipment of the high service station consists a 
three 20,000,000-gallon Allis triple-expansion engines, two 20,000 ,000- t 

gallon Holly triples and one 20,000,000 Cameron centrifugal — 

driven by an Ingersoll-Rand steam turbine. 

The two Holly pumps, No. 6 and No. 13, are the latest triple ex-— 
pansion engines installed by the Department and replace two old 


Bey, 


= pressure and 100° oubeeh The saving in steam realized in pump- > 
ing 9,000,000,000 gallons of water per year with the Holly a Ex 
: _ over pumping the same amount with the old walking-beam engines _ om > 
is some $4,000. oy 
_ In the acceptance test, No. 13 exceeded the duty of any existing . 
_ pumping engine and no other builders have yet succeeded in equaling ~ ae 
the duty developed. The guarantees were made on the work done per 
1000 pounds of dry steam; however, sufficient data were taken to com- we 
pute the duty on a thermal unit basis. The work done per1,000,000 
—- t. u. consumed as shown by the official test was 166,700,000 foot- _ ae 
pounds. The engine has since been equipped with feed-water heaters Z 
located in the exhaust pipes just before they enter the condensers. __ 
By increasing the temperature of the feed water an average of 20° Pea. aa 
the B. t. u. duty of the engine has been raised to 169,300,000 foot-— es ae 
pounds, effecting a saving of 1.45 per cent. For the two Holly ee - . 
pumps the saving per year amounts to $450. To equip both engines ae a a i 
with heaters originally cost $1395, and allowing interest at6 percent, 
it will take three years and ten months for the saving to pay forthe 


years (the average life of such a pump) will amount to $12,000 in 
round figures. mT 
High-duty station No. 3, at Baden, contains eight 275 horse wets. 
power boilers which supply steam for four 15,000,000- and two 10,- = <i 
000,000-gallon triple-expansion pumping engines. Nothinghasbeen _ = 


done i in this station as s yet toward remodeling it. The boilers are hand- A is 
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= showed a duty of only 65,000,000 foot-pounds per 1000 pounds of ee 
steam. operated on saturated steam at 60 pounds pressure 
and their up-keep was expensive. The new engines develop a duty 
heaters, afterwhich the saving becomes clear profit, and in thirty 
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fired, with downdraft furnaces and coal and ashes are handled in 
trucks by hand. It is proposed to install coal and ash handling 
machinery, stokers, superheaters and a new stack. 

In closing a few general remarks in regard to common practice 
at the several stations might be made. 

It has become general practice throughout the country to buy 
coal on the thermal unit basis. The Department some ten years 
ago realized the importance and advantage of this, and it is its 
practice to draw up complete specifications covering each grade of 
coal required, and stating the normal B. t. u. value expected. A 
scale showing the bonus and forfeiture for exceeding or failing to meet 
the normal is included, and each contractor knows exactly the con- 
ditions he is required to meet. The system has been used with 
success and operating conditions in the boiler rooms have been 
materially improved, in addition to the saving in dollars resulting 
by paying only for value received. 

All of the boilers in each station are provided with hand operated 
flue gas analysers, there being one single chamber or set for each 
battery. It is the duty of the operating engineers to make flue gas 
analyses at regular intervals throughout their watches and keep a 
record of the results obtained. The engineer is thus held responsible 
for the condition of the fires and furnaces, and being of a higher caliber 
than the average fireman is the proper person to be in authority. 

The amount of boiler feed water evaporated per pound of coal fired 
is recorded on a blackboard at the end of each 8-hour shift. This 
creates a spirit of competition between the different crews of men, 
which has been found conducive of good results. 

The boiler efficiency and station duty in foot pounds per 1000 
B. t. u. is computed at the end of each week by the engineering office 
and the results for each station are posted in the engine and boiler 
rooms. This also creates a spirit of rivalry among the men which 
keeps them keyed up to their best effort. 

All of the engine rooms are provided with an overhead central 
oiling system, thereby doing away with the necessity of an oiler 
filling individual sight feed oil cups on each important bearing. The 
scheme has resulted in reducing the force of oilers by one-half, as 
formerly one oiler was require to oil a single engine, whereas now one 
man can easily oil two engines. 

The introduction of higher steam pressure and superheat has 
necessitated special care in the purchase of oil and grease. Too much 
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- attention cannot be paid to a study of the proper lubrication for each 
type of engine and condition of operation. Oil is not a universal 


Bees preduct. That which is entirely suited to certain conditions may 


not be at all applicable to others. It is the practice of the Depart- 


- ment to draw up rigid specifications, based on experience and advice 


r a from reliable manufacturers covering oil for every requirement and 


_ let yearly contracts. In this way a uniform price is secured and the 
- most efficient oil for the purpose is used in each case. 


Before this system was adopted each operating engineer in charge 


selected and ordered the grade of oil which he was in the habit of 


i: using. Two of the stations were paying 45 cents for cylinder oil 


- while one was paying 33 cents and each station used a different 


engine oil paying from 22 to 25 cents per gallon. The cylinder oil 
used last year and bought under specifications cost 303 cents per 


- gallon and the engine oil cost 184 cents per gallon. 


This is even 


less than the prices seven years ago, in spite of the fact that the 
cost of all material has advanced at least 25 per cent in the meantime. 
The Department is now using superheaters in all but one of its 


_ pumping stations: Quite an appreciable gain in economy is effected 
_ by the use of superheated steam. It seems that no definite formula 
_ for computing this gain, for any engine, has been established. Prob- 
ably receiver proportions, cylinder ratios, speed, vacuum, etc., 
_ influence the results in different cases. To contribute to the as yet 


rather meager information on this subject, the Department recently 


conducted a series of duty tests on one of its new 20,000,000-gallon 


triple-expansion pumping engines. The test was run at different 
degrees of superheat ranging from 25° to 100°, and sufficient data 
were obtained to plot a curve showing the relation between duty 


- and superheat. The curve is not a straight line, the gain appearing 
to be most rapid at higher superheats. It was not possible to operate 
on saturated steam, due to the fact that the superheater dampers 
-_-were not tight, but permitted a small amount of hot gases to circulate 
even when they were entirely shut. The gain in economy ranged 
from 2.3 per cent at 25° superheat to 14.25 per cent at 100°. 


At the Baden station, as yet not remodeled, the Department has 
es sf succeeded in reducing the cost by 17 per cent in the last five years, 
at Bissell’s Point by 31 per cent and at the Chain of Rocks by 21 
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DISCUSSION 


Joun C. Trautwine, Jr.: The author mentions that, at St. 
Louis, 

(1) Coal is bought on the B. t. u. basis; the specifications stating, 
for each grade of coal required, the normal B. t. u. value expected, 
and the bonus and forfeitures for exceeding this normal and for _ 
failure to reach it; ’ 

(2) The amount of boiler-feed water evaporated, per pound of coal 
fired, is recorded on a blackboard at the end of each eight hour shift. 

It is certainly more rational and equitable to pay the coal contractor 
according to the value received from him, than to pay him according 
to the received quantity of a mixed material, made up of useful and 
useless ingredients in unknown proportions. And the question 
arises, why a similarly rational and equitable method of adjusting 
payments might not properly be applied to the men; basing their 
compensation, not upon the number of hours spent at the station, 
but upon their actual output of useful work, as inferred from the 
posted evaporation records. But then, by the same token, “the a 
amount of boiler-feed water evaporated’ by each crew should be 
registered, not ‘‘per pound of coal fired’ but “per 1000 B. t. u.” 

It may safely be said that the “spirit of competition,” which the 
posting of the evaporation record is designed to create between the 
men, would not be diminished by thus appealing, not only to their 
“spirit of rivalry,’”’ but also as in the case of the coal operators, to — 

a baser motive. But, in Philadelphia, years ago, it was said that 
mechanical stokers could not be installed in the municipal pumping 
plants, because they were then “not old enough to vote;”’ and the — 
speaker is ready to believe that, even in St. Louis, there may be “practi- 
cal” reasons why a sane method, found useful in the case of coal | 
operators, would never do in the case of boiler-house men 


R. B. Howe: In Omaha bids were asked upon a B. t. u. basis 
for coal. When the bids were opened it was found that the proposals 
were much higher than the market. As a consequence the Depart- == 
ment ceased to make contracts for coal at all. Now it goes into the 
market and buys coal when it can get it at a reasonable price. For 
instance, some time ago a mine operator offered 100 cars of coal, 
because the Department was able to handle it. However, the price _ 
did not suit, and the Department held off, finally buying it for one- 
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half of the original offer. With this coal the Department filled its 
storage tank, and in addition had to pile some on the ground. The 
coal cost last year on an average, $2.54 per ton delivered. This 
coal, slack, averages about 10,500 B.t.u. 


T. A. Lresen: Coal was bought at Louisville in three different 
ways during a period of three years. For several years it was pur- 
chased under a contract at the lowest market price for a given quality. 
For a year the purchasing was done on a B. t. u. basis. After that, 
owing to certain conditions in the coal market, purchasing was done 
in the open market in the manner suggested by a previous speaker, 
and this proved fairly satisfactory. During this time western Ken- 
tucky coal of about 12,000 B. t. u. was bought as low as $1.00 per ton 
delivered at the station. At the river station, where the boilers 
were fired by hand, western Kentucky coal did not give good results, 
and eastern Kentucky coal was used, at a cost of $1.25 or $1.50 
delivered at the station. 

In Detroit the bidders on coal are required to state the number of 
B. t. u. in the supply they will furnish, and preference is given to coal 
running over 14,000 B. t. u. In addition to stating the number of 
B. t. u. the bidder must guarantee the amount of moisture, ash, and 
other properties of the coal, and in the contract the right is reserved 
to make deductions in price providing these guarantees are not met. 
There is no bonus for any increase in quality above the guarantee. 
This method of purchasing has worked satisfactorily in buying West 
Virginia coal for several years. Until recently the price has been 
from $2.20 to $2.37 per ton, but in April of this year the Department 
bought 15,000 tons at $5.44 from the only bidder who submitted 
prices. The Department closed this contract after being assured 
by the Detroit Edison Company, one of the largest consumers of 
coal in the vicinity, that the price was a good one. 

There are few pumping stations where considerable economies can- 
not be effected under careful supervision. Some results brought 
about in Louisville a few years ago are among the most remarkable 
the speaker has seen. In 1908 the annual operating cost at the river 
pumping station was $6.15 per million gallons. Two years later the 
operating cost was reduced to $2.59. A great part of this saving was 
due to larger use of the most efficient types of engines in the station. 
At the Crescent Hill re-pumping station, which had been in service 
for two years, the operating cost in 1908 was $3.72 per million gal- 
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lons. Within two years, by continuous effort, the elimination of un- 
necessary help, and the installation of some auxiliaries, the cost was 
reduced to $2.59 per million gallons. Aside from the mechanical 
devices installed, the leading cause of this saving was a monthly 
statement sent to the station, giving the results for each month’s 
operation, reduction or increase in the cost as the case might be, 
_ which was an incentive to the men in charge to improve their work 
_ so that there was in most cases a slight monthly decrease in the total 
cost of pumping. The statement made it possible to compare the 
_ work of different shifts and competition between the two stations 
was stimulated. 

In studies of this subject it is desirable to have more pumping 
station records from plants of different sizes and types, giving the 
unit cost and the total cost per million gallons, so far as they can be 
obtained. The cost per million gallons should be divided into at least 
_ three items, the total cost of labor per million gallons, the total cost 

of fuel, and the sum of all other items of expense. Comparisons could 
be drawn readily from such records, which could be comprehended 
easily, and would not require computations. Such records would 
at yy prove a decided stimulus to all station operators. The speaker has 
pcm endeavoring for a number of years to give such facts in his 
annual reports. On the basis of the prices for coal in Detroit there 
is no special reason why the total pumping costs should be less than 
at other large cities similarly situated. At Louisville, on the other 
hand, the low cost of coal should produce a low cost of pumping. 
_ With more data of this kind we should be able to ascertain readily 
ans where economies are possible and to encourage the station operators 
to bring them about. 
L. A. Day: The coal is bought at St. Louis on a B. t. u. basis and 
the determination is made by the testing laboratory, not by the 
_ firemen. In so far as B. t. u. value is concerned, the firemen know 


hilo they do not know anything about the B. t. u. value. 
The object of the CO, apparatus is to teach the firemen how to 
_ properly burn the coal. The station duties in B. t. u. are posted 
_ because conditions are not the same at all stations. 

One station plant has certain features that the other has not, 
and therefore it did not seem right to post the duty per 1000 pounds 
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of steam, which is the commonly known way of computing the duty 
at the station. In order to eliminate the differences that exist in 
the stations, the duty per 1000 B. t. u. was adopted. 

The samples of coal for testing average about 25 pounds to the car. 
With some kinds of coal a pipe is driven through it at three different 
places, as a rule diagonally across from one end of the car to the other. 
The pipe used is similar to the pipe used in sampling wheat, except 
that it has not the sliding feature which closes over the opening. A 
23 inch extra heavy steel tube cutter, is used, somewhat similar to 
the cutters employed in stone work. A man on top of a car can drive 
the pipe right through to the bottom. 

The oil for the engines is bought according to specifications pre- 
pared by experts. If the department tried to buy the same oil 
under its trade name it would pay much more for it. 
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The consideration of the reliability features connected with water 

_ works pumping stations is deserving of more earnest study than has 

_ been accorded it in times past. Continuous service, as every water 

works man realizes, is an essential requirement, and in his own plant 

_ any condition which causes an interruption of service is generally 

_ remedied to prevent a recurrence. It is believed that considerable 

advantage may be gained in the study of the broad and general 

problem derived from past experiences in water works systems in 

general, which have resulted in interruption to service. The items 

which must be considered in a pumping station designed to give a 

maximum of reliability include the building, all equipment and suc- 

_ tion and discharge connections; if the supply of power is from an 

outside source the reliability of this source must also be considered. 

“The pumping station and other buildings of the plant should con- 

tain no combustible material in their construction. Combustible 

__- wainscoting, roof, sheathing and floors are objectionable, as in some 

_ instances they add enough fuel to allow a small fire to injure ma- 

_ chinery. The author knows of an instance in Texas where a metal- 

_ ¢lad building, with wooden frame, burned and completely wrecked 

an irrigation pumping station. Wooden lockers and partitions for 

_ offices should be entirely eliminated. Non-fireproof buildings should 

have incombustible roof covering; cornices and gutters should be 

metal flashed; the several sections, particularly any with high-po- 

4 tential generating or transforming equipment, should be separated 

by parapeted fire walls and the openings between the several sections 

_ should be protected by fire doors or wired glass in metal frame. In 

: most cases, it is not practicable to remodel an existing building so 

ae that it will be fireproof at a reasonable cost, but for any but a frame 

a station, the installation of a complete sprinkler equipment, with the 

z removal of as much wood work as possible, will render the building 
_ reasonably safe. All stations should have their exposed ee ; 


‘Read at the Richmond Convention, May 8, 1917. 
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- and door openings protected, which can be esthetically and economi- 
 eally done with wired glass in metal frame. Where a plant is in a 
closely built up section or seriously exposed, it is desirable to add 
further protection by installing a water curtain and in serious cases 
metal or tin clad shutters should also be added. This protection 
against exterior fires applies just as much to the mutually exposing 
buildings of the plant as to some outside building. 
is The hazards within should be properly guarded by taking the 
_ following precautions: Electric wiring should be installed in con- 
- duit, in accordance with the National Electrical Code; the stock of 
oils and greases, if in any quantity, should be stored in a separate 
building or a properly constructed oil room, and those for immediate 
use should be kept in approved safety containers. Clean waste 
_ should be carefully stored, preferably in metal-lined covered boxes, 
and dirty waste kept in approved cans until burned. If coal is 
stored in large quantities, care should be taken to prevent spon- 
- taneous combustion by observing the rules laid down by the latest 
brochure issued by the Bureau of Mines. Stations using fuel oil 
or gas from coal gas producers need special consideration. For 
fuel oil, underground storage is the only safe practice, but if above- 
_ ground tanks are used, they should be air tight and at a safe distance. , 
During the past ten years, records show that fires occur in one to 
three pumping stations each year and the results are in some cases 
serious. In 1909, the Atlantic City, N. J., pumping station was de- 
- stroy ed by fire, which started at 2.30 o’clock in the morning and it 
was 10.00 o’clock in the evening before a pump was started; a new 
fireproof station has since been erected. In 1910, the Powell station 
at Fort Worth, Tex., was totally destroyed and about one-half of 
the supply was put out of service thereby; an emergency supply from 
the river was utilized and no shortage occurred. 
The Walnut Hill pumping station in Omaha, Neb., was destroyed 
_ by fire in 1915, but the supply was maintained from the Poppleton 
“3 avenue station. After this fire, both the Poppleton avenue and Minne 
_ Lusa stations were protected by complete sprinkler equipments. 
“ts The City of Lynn, Mass. was one of the first to install sprinklers 
in its pumping station. Now that the added reliability afforded by 
" these installations is becoming more widely appreciated, the number 
of such installations is increasing and stations are so protected in 
the above named cities and in Baltimore, Md.; Tauton and Millers 
Falls, Mass.; Westerly, R. I., and Racine, Wis. 
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_ guard against such an occurrence by the maintenance of substantial 
_ dykes about the plant, providing stop logs to be inserted in proper 
grooves in such door and window openings as may be necessary and 
a sufficient sump-pump capacity to free the building of any water which 
ay ca may gain entrance at time of high water. 
| e is ‘Stations located in wooden areas should have the growth cleared 


exterior is incombustible it is advisable to provide a water curtain. 
The equipment should next be considered. In this discussion, the 
different types of units is not a matter of consideration as, if of modern 
-and suitable design, and well constructed and installed, their de- 
pendability is practically on a par; if there be any superiority, it is 
in the following order of naming: 
a. Reciprocating or centrifugal pumps driven by reciprocating 
or turbine steam units. 
b. Centrifugal or reciprocating pumps driven by electric motors. 
c. Pumps operated by water power. 
_ d. Centrifugal or reciprocating pumps operated by internal com- if 
bustion engines, adapted for the service. 
_ In considering any item in connection with a water works system, 
it must be recognized that at all times and at all seasons of the year, 
the plant must be capable of furnishing nearly full demands; it is 
- reasonable to expect serious fires at any hour, and on this basis it 
‘might be assumed that the system should, under any possible con- — 


——_— This does not appear entirely reasonable, as ao 
maximum rates are only of a few hours duration for afew daysinthe _ 
year. In general, it is believed that if the consumption rate is taken 7 _ 

_ at the maximum for any twenty-four hour period, this will approxi- — 
mate the average day time rate sufficiently close to ensure good serv- 
ice under any condition. | 
‘In any study of a water works design, the element of time must be 
considered; it is believed that under ordinary conditions a period — 
of five days is sufficient to make temporary repairs and renewals, or 
to get partially dismantled equipment back in service. It is recog- 
nized that this is not sufficient for major repairs or complete new 
installations, but these are of such uncertain duration that — ‘ 


safeguarding against them is not possible. = = 


Where a station is so located that there is possibility of floods in- 
- se < terfering with its operation, every precaution should be taken to 
& radius Of several hundred feet, and even though the Dullding 
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It also appears reasonable to figure fire flow on the basis of occur- 
ing throughout a ten-hour period. Conflagrations usually are of 
- longer duration, but if a fire has passed the ten-hour stage, and 
is still at maximum height, the question of water supply is of little 
moment. 
. If the works have no elevated storage and are dependent upon 
_ direct pumpage, the capacity of pumping equipment in service, in- _ 


sufficient, even with the two largest units out of service, to allow _ 

the works to deliver at a rate equal to the maximum daily consump-_ ; 
_ tion and in addition the quantity necessary to meet the fire flow 
“gi demands. That two units should be out of service at one time is 


not a matter of uncommon occurrence and the only reason that such 


consumption rates, do not occur while the units are out of service. 
re However, the records of some such instances are at hand and it © 
‘may not be out of place to mention some of the more important in 


order to show the possibilities of such occurrences in any station 5 1 


a where there are a number of units in service. 

‘ ate At the Toledo station in 1912, one of 15,000,000-gallon pumps 
undergoing repairs when the piston rod in another 15,000,000- 
gallon unit broke, and during the two ensuing days the city was —™” 
dependent upon three 5,000,000-gallon pumps, the combined 
pacity of which was little in excess of the quantities required for a 
domestic use. In 1913, a bearing failed in a 10,000,000-gallon 
pump at Dayton and thirty minutes later a grab claw on the valve | 
- gear of a second pump broke and for a period of two hours, required — ie 
_ to make repairs, only about one-half of the normal pressure could "sual 
be maintained. This pump had only been put back in operation = 
for a little over an hour before fire pressure was required. Many | oa Ie 
other such occurrences of a similar nature could be cited, but these 

are typical of all. 
_ Where there is elevated storage available, the pumping capacity 


can be reduced, depending upon the amount of storage. In general, , - 
the remaining capacity should be sufficient, in connection with the 

_ flow from the storage, to furnish maximum consumption for five 
days and at the end of that period be able to deliver maximum and “ie 
fire flow for ten hours. 
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‘The fact that a sufficient quantity is in storage to make up the 
deficiency in pump capacity is not sufficient, but ample main ca- 
_ pacity must be provided from the storage to the system to deliver 
_ the quantities required to offset the deficiency. 
ee _ The problem of determining the adequacy under varying storage 
naa rs and pump capacities resolves itself into three general conditions. 
a 1, When the remaining pump capacity (after deducting the ca- 
; pacity of the two largest units) equals or exceeds the maximum daily 
iy at consumption rate, the pump capacity plus 2.4 times the storage 
. should be equal to the maximum daily consumption plus required 
_ fire flow; pumping capacity, consumption and fire flow must be ex- 
pressed im gallons per twenty-four hours. 

2. When the remaining pump capacity is less than maximum 

_ daily consumption and the storage is less than five times the maxi- 
- mum daily consumption less the pump capacity, the pump capacity 
plus one-fifth the storage should be equal to the maximum daily 
consumption plus the fire flow rate. 

aoe 3. When the remaining pump capacity is less than the maximum 

di consumption and the storage is greater than five times the 
maximum daily consumption less the pump capacity, the fire flow 
rate must be equalled by 2.4 times the storage after five times the 
maximum daily consumption minus the pump capacity has been 
deducted. 

When the supply ts dependent upon both low-lift and high-lift 
pumps, suitable reserve, as outlined above, must be provided for 
both groups. If in such plants the suction to the high-lift pumps is 
so arranged that the low-lift pumps can be by-passed, as is fre- 
quently the case where the supply is filtered, suitable provision 
should be made to apply hypochlorite or chlorine gas sterilization to 
the raw water in case of failure of the low-lift pumps. 

In plants with steam generating plants, a sufficient boiler capacity 
should be provided to allow a reserve of one-fourth of the entire 
capacity and in any case at least one boiler. 

In direct pumping systems, sufficient boiler capacity should be 
kept under steam at all times to deliver the required fire flow in 
addition to the domestic rate being delivered at the time; those 
boilers not required for normal operation should carry at least one- 
half the required steam pressure. Where the stack capacity is 
sufficient or forced draft is provided, it is safe to allow 50 per cent 
overload for return tubular boilers and 100 per cent for water tube 
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boilers. The stack capacity can be determined from tables found 

in most engineering hand books, but can be more accurately deter- 

mined by the chief engineer from actual operating experience. 
The steam piping should be so installed, either in a loop or in 
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duplicate lines, that the failure of any pipe or valve will not reduce 


the available capacity of the plant below that required to main- 


tain the maximum daily consumption rate and fire flow. As re- 
pairs to steam lines are more easily made than other repair work, 
it is believed that the time mentioned above might be reduced from 
five days to two days, thus allowing a smaller storage requirement to 
off-set the danger of interruptions to service from this cause. The 
steam piping in many stations is the outgrowth of additions which 
have been made as the several units have been added to the equip- 
ment, and it is not an uncommon occurrence to find, in a study of 
the lay-out, one or more valves, the failure of which would necessi- 
tate shutting down the major portion or, in a few cases, the entire 
station. Such a condition is frequently brought about by making 
a cross-connection between two lines in order to assure flexibility of 
operation. Non-return valves should be so installed that a blowout 
in either boilers or steam lines will be automatically controlled. 
This is a necessary precaution in any plant as a safeguard against 
loss of life, and in plants serving a direct pumping system is abso- 
lutely a necessity in order to assure continuous operation unless the 
steam piping is sectionalized, which method is not calculated to 
allow the desired flexibility and economy in operation. 


Several of the more common systems of steam piping will be dis- a 


cussed, which are open to objection from the reliability standpoint, 
both in direct pumping systems and in systems where the storage 
available is not sufficient to maintain the full required supply for the 
period required to make repairs or to get cold units into service. 

In a plant where there are two boiler houses, one on either side 
of the pump room, one frequently finds a single header extending 
through the pump room, receiving its supply from both boiler rooms 
and divided by gates between the branch steam line to each pump and 
gates for controlling each boiler and boiler room. Where the boilers 
in only one of the boiler rooms are kept under steam, a failure in 
that boiler room will put the plant entirely out of service until 
steam can be raised on the boilers in the other boiler house, acon- 
dition not possible under two to three hours, and a failure of the 
steam piping in the pump room will put from one to all the pumps 
out of service. 
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Some important stations have the steam piping laid out ina chen 
with one leg of the loop in the pump room and the other in the — 
boiler room, having valves between the branches of each steam line ~ 
to the pumps and a single gate subdividing the portion of the loop _ 
in the boiler room; the failure or repair of the valve in the boiler Boe 7 
room will necessitate shutting down the entire plant. pa 
In station of a growing city, the w hich 


of units inatalied | in the same manner. In order to secure the 7 “ 
sired flexibility of units, the two headers in the boiler room were a 
cross-connected by a connection with a single valve. In a short Zags : 
time this valve failed and its replacement necessitated a complete __ 
shutdown of the plant. Feed lines to boilers should be laid out with _ 
equal care in order to assure their reliability, and a sufficient num- P 
ber of feed pumps and injectors should be installed to provide an 
adequate reserve. More than one immediate source of supply 
should be available. 

If gas is used for fuel either under the boilers or in gas engines, . 
it should be available from two independent sources, and if one pie 
source is a producer plant there should be storage wallciont to oper- a 
ate at a capacity sufficient to furnish the maximum daily consump- 
tion and fire flow during the time required to put the producer into 
service. A supply of fuel for the producer should be kept on hand. 
The gas piping should be designed and gated in a manner similar 
to the steam piping. 

Where oil is the fuel, it should be kept in underground storage ; 
with at least five days’ supply on hand, and should be supplied to 
the engine or boiler by force feed with duplicate feed pumps and 
piping and valves so arranged as to safeguard the reliability of oper- 
ation the same as required with the steam piping. 

Where oil and gas are used for boiler fuel, provision for burning 
coal, if a suitable supply is on hand and the boilers are equipped 
to use it, will take the place of the duplication necessary with the te 
other fuel. 

Where stations are operated by water power, the adequacy of _ 
the supply throughout the entire year must be assured or sufficient a 
power provided from other sources to maintain the full required _ 
supply at all times. oe 
When pumps are electrically operated the generating station nia " 
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- supplying them should have the same features of reliability that are 


required in the pumping station, ie., in regard to building con- 


struction and private protection, and reserve equipment. - 
The electric transmission lines should be underground and in | 
duplicate; each circuit should have sufficient capacity to operate — 
the plant at its required capacity. A commercial circuit with other 
consumers is not as reliable as a circuit for the exclusive supply of 


the station. The transmission lines should be so arranged that — tee) 
the renewal of any switch or transformer or the burn-out of any cable 


will not prevent maintaining the required supply. Contracts or 
agreements should provide that the service to the pumping station 
have preference over all other service. s 


All equipment should be so installed that repairs can readily _ 


and conveniently be made; a traveling crane even in stations hav- 


ing only a few small size units will be found an economical invest- | 
ment. In order to facilitate repairs a sufficient stock of small _ 


repair parts, such as packing, valves, valve springs and studs, spare 
valves and fittings should be kept on hand in ample quantities. 
Experience has shown that spare blank flanges, caps and plugs are 
most useful to keep in stock. 

The fuel supply should be assured by providing sufficient storage 
capacity to provide for any probable interruption in delivery, and 
the contract for furnishing fuel should contain a bond proviso to 
assure delivery. 

The suction may be brought to a pump well, either through an 


open channel or gravity conduit; be delivered to the suction side = e 


of the pump under some head, or be drawn to the pump by suction © 
through a considerable length of pipe, as from a well field. The 
intake from a lake, pond or stream should be of substantial con- 
struction at a point where the stream bed will not change or silt up; _ 


be protected by grids and screens, arranged for cleaning, to inter- 


cept eels, ice and floating débris; if anchor ice is liable to form, pro- _ 
vision for utilizing live stream should be made. es 

Reciprocating pumps are frequently so installed that they are re- 
quired to operate under a suction lift of 20 to 25 feet, although it is a 


well recognized fact that it is desirable to so plan the installation 


as to have the lift as low as possible and, in fact, it is occasionally _ 
possible to deliver the supply under some head. Foot valves are 
frequently installed, particularly when the lift is high, but their 


value appears questionable, for many pumps are today operating Fs 
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ae 4 are so out of repair that they actually introduce an added lift on 
or account of the friction loss introduced. Centrifugal pumps, how- 
ee ever, require adequate and reliable means of priming when operated 
Tew enbe any suction lift whatever. In this case the foot valve is not — 
only subject to the previously named objection, but has in several 
instances failed by rupture due to the full discharge head against which 
the pump works being imposed on the suction piping. Vacuum 
pumps are the most reliable means of maintaining suction and are 
ordinarily employed. They should be in duplicate and the piping 
so installed that the failure of any pipe, fitting or valve will not put 
more than one-half of the capacity or, at most, two of the units, 
out of service. The air pump suction should be in the form of an _ 
i inverted U column over 32 feet high, so as to preclude the possibility : 
ae of water getting over into the air pump. It if is not possible a. 
run the column up the desired height, and automatic control of the 
¥ ae pump is provided to maintain the water level at a predetermined — 
rt height, the suction pipe at this level should have its area consid- 
erably enlarged to prevent the erratic operation of the pump due 


Except when each pump has an independent suction, the individual 
- suctions should be gated and the suction piping should be so gated 
that the failure of any pipe, fitting or valve will not put more than 
va Bs one-half the capacity or at most two units, out of service. ie 
The design and installation of the discharge piping is of particular — ? a 
- importance and the failure to consider carefully the problem in all _ 
its phases is almost certain to lead to serious failures. In many _ 
cases the panera piping, like the steam piping, is the a 


: _ The layout should be so designed and developed that the failure of me 
j 7 ’ single pipe will not put more than one unit out of service and the : 


= daily consumption and fire flow if adequate reserve pump 7 
I ct is provided. Although this provision does not seem un- — 
reasonable, yet a study of the discharge connections about a large 
- number of stations show that in many cases a large portion, and in 
some cases the entire capacity, of the station will be put out of serv- 
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to the necessarily rapid changes of the water level in a suction column 
of small area. 
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ice by the failure of a single valve, and frequently the failure of a 
pipe or fitting will cause almost as serious results. 

One of the most common weaknesses is that of having the entire 
supply dependent upon the integrity of one valve. For a typical ex- 
ample, assume a station with four pumps, with two pumps discharg- 
ing into one force main and the remaining two pumps into another 
force main, and that these force mains are cross-connected outside 
the station with a single valve in the connection. During the past 
winter the failure of a valve in such a cross-connection did occur 
and, owing to futher complications, it was nearly 24 hours before 
the service was restored. The bonnet of the valve blew off under 
a pressure no greater than was normally carried. To repair this 
valve both lines had to be shut off, putting the entire station out 
of service. The employees at the pumping station, in closing the 
valves which controlled the mains outside the station, twisted the 
stems off two of the valves, so that when the valve which originally 
failed had been temporarily repaired it was impossible to put either 
force main in service until their respective valves had been overhauled. 
The failure of these two valves when they were operated, empha- 
sizes the importance of inspecting and operating such important 
control valves at frequent intervals (say monthly) and keeping them 
in condition. 

When we come to the consideration of the discharge system of 
some of our larger stations, where pipes as large as 48-inch are re- 
quired, the question of valves and their operation becomes one of 
paramount importance. Not only as a point of economy but in order 
to increase the reliability and ease of operation, it is desirable to use 
valves of a size smaller than the diameter of the pipe, set in the line 
with reducers and increasers on either side. The additional friction 
loss produced by the use of a 36-inch valve in a 48-inch line, a 30- 
inch valve in a 36-inch line, and a 24-inch valve in a 30-inch line will 
be negligible and in some cases even smaller valves might be considered, 
for a service test of a 20-inch valve in a 36-inch line showed an excess 
loss of only 0.4 foot head when the line was carrying 14,000,000 
gallons. 

Provision should be made for the prompt and rapid operation of 
these valves, not only to enable the service to be restored quickly in 
case of a failure, but to prevent the undermining of other pipes, which 
would be liable to cause additional failures of the pipe system. Com- 
plete and accurate plans of all such connections are very essential for 
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In 1909, oni at least once sas to that date, the failure of sigh a 


36-inch and 48-inch pipes which were so and 
gated outside the station that any pipe could serve either the high fs a 
or low service. All gates were manually operated; some were in a 
gate house and others were in brick vaults within a radius of 150 
feet about the gate house. Considerable time was required ie 
operate these gates and as it could not be determined which pipe | 
had failed, about twice as many had to be operated as were actually _ 
required to shut out the section which had failed. : 
At the Lardners Point pumping station in Philadelphia on May | 
28, 1914, at 6 a.m., a 48 by 48 by 42-inch cast-iron tee, forming a 
portion of the discharge of pump No. 11, a 20,000,000-gallon unit, 
failed. At the time of the break four pumps of the same capacity 
were discharging against a head of 110 pounds into the 60-inch main 
leading to Oak Lane reservoir. No check valves were installed on the _ 
pumps or mains. The automatic cut-offs on all the pumps worked 
satisfactorily, but before the valves on the discharge pipe could be 
closed the basement, which was about 20 feet below the surrounding 
ground, was flooded. The steam lines, feed water lines to boilers, 
sump-pumps and control valves were submerged and normal opera- — 
tion was not resumed until 8 a.m., May 29. 
Such accidents as these show the importance of providing pump _ 
discharges with check valves, preferably at several points along the _ 
line if the distance is great, and so equipping the gate valves that 
they can be quickly operated. This is ordinarily done by providing 
motor or hydraulically operated valves, and their control should be | 
from a central point. Such installations are to be found in some _ 
of the high pressure fire service pumping stations. Valves which he 
automatically close when an excess flow or decrease in pressure — 
occurs from the failure of the line are also now being built and are 
used on the penstocks of some hydro-electric plants. Such valves 
can be utilized with advantage in discharge lines, as they can be so — 
adjusted as to close without producing an appreciable ram on the line. 
Some type of meter, with a continuous recording device, for measur- 
ing the discharge from the station, should be provided and pumps 
should be overhauled when their slip shows an increase. Care should 
be taken not to take a second pump down for overhauling, unless it 


sel 
cance resulted in the complete failure of the supply to this service for a num- 
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is. absolutely inoperative, while another unit is out of service. Effi- 
cient operation generally makes for reliability, therefore the keep- 
ing of records of station operation should be considered essential. 
The plans of buildings, equipment and piping should be filed con- 
venient for ready reference at the station. 

It has been the tendency in many water works systems to install 
large units; considering only the question of economy of operation 
this is sometimes of a decided advantage, and it is often possible to 
install a large unit at a material saving in price per million gallons 

— over that of two small units. Also it is recognized that it is good 

_ policy for a water works superintendent to get as much capacity as 
possible when he has his committee or board committed to the 
purchase of a pump. However, there is a decided element of unre- 
liability connected with this; with the larger units, the effect of a 
shut-down is much more serious, as often half the station capacity 
will be affected. These large units are harder to repair and in some 
cases more apt to have defective material. 

Particularly in direct pumping systems, much greater reliability 
can be obtained if the pumps are of such capacity that under ordi- 
nary conditions two will be in service, one operating at capacity 
and the others idling, to pick up any excess demand; if this is not 
done, the second pump should be kept warm. 

The installation of sufficient high-duty reciprocating units to 
provide the requisite reserve would in many instances require a large 
expenditure not only for the additional unit but also for its housing, 

- but fortunately the centrifugal pump is available for such service 

and in fact has many distinct advantages over the reciprocating 

unit, although it cannot on the whole be classed as superior. The 

space occupied per million gallons of capacity is very much less than 

_ for other types and an additional unit can, in many cases, be in- 

stalled in space not now occupied; the work required for ordinary 

- maintenance is very much less than for other pumps, which is becom- 

ing a more important consideration as the cost of labor increases; 

the discharge mains and distribution system are not subjected to 

the pulsations which are present in a more or less marked degree in 

the discharge from reciprocating units; when pumping into a direct 

_ pressure system, the pressure can be more uniformally maintained 

and the system will not be subjected to so great a variation in pres- 

sure by sudden changes in consumption rates; the slip of the pump 
will not increase so rapidly, and if clear water is being pumped = 
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pump; when driven by a modern steam the duty 


2 very nearly approaches that which moderately well maintained 
units of other types can develop over extended periods of service; 
_ where two services at different pressures are supplied from one 
station the possibility of running the centrifugal pumps in series by 
a or in some cases by three-staging, should be taken 


tained when pumping against one al the pressures; under similar 
conditions one centrifugal unit can frequently be so installed that 
it can serve either one of two services by having one suction con- 
nection to the suction supply and another to the lower of the two 
services being supplied. 


DISCUSSION 


Beers eu CarLeTon E. Davis: It is well to aim high and have an ideal 
r standard as a permanent object lesson. In this paper ideal con- 
ditions have been presented. Such conditions naturally call for 
unlimited financial resources. Unfortunately many of us do not 
have control of the purse strings, and it is frequently a question of 
using limited funds to the best advantage possible. The human ele- 
c ment enters largely into the case in that an absolutely fool-proof 
_ pumping station has not yet been devised. Mental lapses will occur 
me rae. from time to time and cannot be entirely overcome or eradicated. 
kee In speaking of certain units, the author uses the terms large and 
tae: small in an absolute way. These terms are relative and it must 
ua aa be recognized that a large unit in one instance may be small in an- 
other. Again, the author apparently indicates the necessity of keep- 
Ee img a certain number of units in reserve. Here again the standard 
should be relative and not absolute. A station with two pumps may 
‘ _ have 50 per cent reserve and only one pump out of service, whereas 
another station with twelve pumps and only one pump out of service 
-may have 8.5 per cent reserve. 


a J. N. Cuester: Has the author seen or inspected a water works 
that with all the requirements he has laid down, 


i ap. the money to build a station and equip it with pumping machinery, Ate 
steam lines, boilers, suction and discharge pipes, etc., in accordance a 


aa 


ith the : 
that particular angle the advocacy of which will be of the most bene- 

fit to the interest he represents. It is the view of one interest that 

the author has presented, but, on the otherhand, has he thought about _ 
the complications that would be introduced into the water works p> 
system by his ideals, which would tend to multiply the possibility 
of accidents and of interference with the service? For eon 
take the advocacy of four valves at every street crossing made some 
years ago by the underwriters’ inspector at Charleroi, Pa. The 
to that was it would introduce com- 


cates, in reserve, sO we can a the two largest units down at 
still meet the maximum domestic plus the maximum fire demands 
is doubtful. The speaker has never seen such a water works. The 
author has inspected over one hundred plants. The speaker has 
installed machinery in more than half that number, but never com- 
plied with such specifications, never having served either a municipal | 
or private plant that would furnish the money to gratify such a 
desire, if he possessed it. 

The recommendation that arrangements be made so that if te 
low service breaks down the supply may be drawn from the raw a) a 
water source, and that chlorination apparatus should be provided = 
for use then, is bad and those who have been impressed by it should "4 pS: me 
turn back in the Proceedings to a paper written by Doctor Mason _ eee 
on the emergency intake, wherein he cited numerous cases of typhoid  _ se 
fever epidemics arising from such a practice. It is unnecessary to. ae = 
repeat here the experiences he there cited as attributable to the emer- = ors “a 
gency intake. Its equivalent is the by-pass around a filter plant ~ 
enable raw water to be introduced into the mains. At Butler, Pa. ee i ap 
1700 typhoid fever cases developed through reverting to the raw $i 

water that had been used two years earlier, before the use of filtered aes 
water. wind had blocks of buildings been burned down in that a ; 


filter 
The speaker is in hearty sympathy with the best kind of fire protec- — ‘ay 
tion and with the total elimination of combustible material in pump- : 
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iping which had been adopted, that had at about every third street 
> 
a cross-connection and valves, not always four, but sufficient valves 
to guard against all reasonable possibilities. 
wie 
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ing stations; also in favor of plenty of machinery, and of elevated 
storage where it can be obtained, with steam pipes sufficiently in 
duplicate and enough pumps so that the plant will be ready to serve 
when anything breaks down; but he does not believe that these 
things can be carried to the extent recommended in this paper. 


not be any emergency In one 
place in Minneapolis there are two 50-inch lines about 10 feet 
apart running parallel for about four miles. One of these lines 
is a force main, and the other a distribution main. These two lines 
were cross-connected in several places, so that either could be used 
for either purpose, pumping or distribution. These lines were con- 
structed to the reservoir system before the purification plant was 
installed. Since the installation of the purification plant, these two 
lines, of course, are used for each distinct purpose, and the cross- 
connections have no further purpose. 

At the speaker’s request, the State Board of Health made a 
thorough examination of the filtration works and the entire system 
in connection therewith. The Board found everything in first class 
condition, and only suggested that these cross-connections be cut 
off, being afraid that a leak between the raw water force main and 
the pure water distribution main might occur. 


CxarEence Gotpsmitu: In regard to Mr. Chester’s statements 
about emergency connection, there is nothing in the paper in favor 
of them. They exist in many plants; and in half a dozen plants 
visited, the superintendents have provided for sterilization of the 
emergency supply in case they need to use it. If these connections 
exist it is desirable to have sterilization provided for. In two cases 
where low-lift pumps — and the — was teenies, there was 
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“CONCRETE IN WATERWORKS STRUCTURES, ‘WITH 
; SPECIAL REFERENCE TO ITS RESISTANCE TO 
oot a WEATHERING AND METHODS OF REPAIRING IT! 


By J. Wia 


The use of concrete in waterworks structures is very old and it 


is not the intention of the author to present a historical digest of — 
this usage but to give special, though brief, consideration to the 
causes of disintegration of concrete exposed to the elements; proper 
methods of fabrication of concrete to obtain the best results where 
exposed to weathering or elemental action; and methods of repair- _ 
ing disintegrated concrete. 

As in the development of all great industries, concrete is passing — 
through its cycle. This is the concrete age and there are few engi- _ 
neers who have not the utmost confidence in this material and in 
their ability to use it in forming all manner of permanent structures. 
The idea of reliability has become so strongly intrenched that failures 
of concrete are invariably explained as caused by the use of some 
inferior component element or improper method of fabrication. The 
possibility that concrete may fail as a structural material is not 
recognized. 

It is the author’s belief that while concrete as best fabricated to- 
day is a structural material capable of furnishing satisfactory re- 
sults under almost all known service requirements, there are some 
conditions under which its usage is unsafe or can at best be con- 
sidered only experimental. The statements which follow, though 
not illustrated by specific examples, are based upon both laboratory 
and field investigations, mainly the latter, resulting from a careful 
examination and collation of data pertaining to several hundred 
structures. 

The author has examined during the past few years several score 
of concrete structures in various stages of failure. There is un- 
mistakable evidence that, under some commonly considered normal 
exposure conditions, some of the very best concrete is rapidly dis- 
integrating. There is further evidence that some cements which a 
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meet all the requirements of standard specifications, after several 
years show marked indications of deterioration in concrete and es, 
under certain exposure conditions completely disintegrate. This ae 
information is brought to you, not with a desire to create uncertainty a 
in your minds regarding concrete but rather to impress you with © 4 
the fact that concrete has its limitations and that only by the aero 
care, study, and investigation of conditions affecting any particular 4 
work can you expect permanent structures. ey 

The divergent views expressed by those skilled in the art as to 
the general quality of concretes fabricated under specified conditions — a 
from certain given materials or exposed to elemental action in a — a i. 
given stiuation has caused confusion among engineers and investi- a 
gators. As a consequence, the engineer has more or less pioneered — 7 
for himself, finding abundance of authority in the committee reports vom : 
of engineering societies which contain the most general statements cm 
on the universal successful application of concrete to all structural — =" 
purposes provided certain simple rules are followed. These di- 
vergent views are due mainly to habitual generalizations made from = 
limited experience, without giving proper weight and recognition to _ 
all of the variables which affect the ultimate quality of the product. 

The author has recently been interested in a number of investiga- | 
tions of considerable magnitude. Two of these have involved the _ 
careful examination of many structures widely scattered over the | ca 
United States. Had these investigations been more confined in aon 
scope several divergent conclusions might have been reached, de- a 
pending upon the particular structures selected. Conclusions would _ 
have been correct in each case, but only of aprnene rather than “il 
broad scope. 
trict would result in failure in the when. 
fore, that while certain general should be there is 


conditions. 
Fortunately, most of the cements made in America are atid - : 
so far as we know, most of the natural aggregates make good — i 
cretes and the majority of the failures appear to be due to improper | 
practices which can be improved. Failures sometimes occur from > 
natural causes, the possibility of which has been overlooked by ke 
designing engineer because the facts have not been made available e 
to him or he is pioneering. Other failures are due to the i ignorance = - 
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of the over-wise, self styled “‘practical’’? man who has dabbled with 
cement since babyhood and will not carry into effect the wishes of 
his superiors relative to details of fabrication because he thinks he 
knows far more than they. A large percentage of all failures are 
due to still another cause. They are the result of negligence on the 
part of the engineer in charge in not giving sufficient attention to 
what he considers the minor details. 


_ CAUSES OF DETERIORATION OF CONCRETE 


The causes of deterioration and occasional failure of concrete ex- 
posed to weathering or severe elemental action, generally are the 
neglect of details which by many are considered of minor importance. 
If time and circumstances would permit, structures would be cited 
illustrating actual deterioration or failure which has occurred from 
each of the following causes, enumerated in the order of importance 
as based on the observations of the author. 

1. ‘“‘Pioneering” or the use of unproven methods and designs. 

The use of fluid or watery consistencies in mixing the concrete 
is the most serious of all abuses. Such concrete may have a good 
appearance when the forms are first removed but in a short time a 
rariety of ailments develop, all of which are of a malignant character, 
making the concrete vulnerable to frost action and erosion. It may 
reduce the strength to a half or quarter of the normal; increase the 
porosity; cause separation of the mortar from the aggregate; produce 
concrete of variable density in different parts of the structure; and 
permit the formation of large quantities of laitance. 

The location of embedded plums or manstones too near the exposed 
surfaces of the concrete results in deep erosion if the surface becomes 
slightly abraded. 

Concrete is made subject to rapid deterioration by the use of 
designs or methods which do not permit the elimination of prominent 
construction seams; which require the use of fluid mixtures; which 
do not allow for removal of laitance, and which otherwise prevent 
proper workmanship. 

There are numerous structures throughout the country which 
show marked deterioration from one or a combination of several of 
the above causes. Total failure has occurred in some cases. 

2. Careless workmanship. This involves inadequate mixing, im- 
proper transportation of the concrete from mixer to forms, incorrect 
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methods of placing, lack of thorough spading, the use of leaky 
forms, and lack of care in protecting the green concrete from rapid 
drying, all of which result in material variation in the quality of the 
concrete, the formation of sand and stone pockets, separation of 
the mortar from the coarse aggregates, streaks of voids on the surface 
and other defects. 

Failure to remove the laitance which usually accumulates with 
wet mixtures at the top of each day’s work results in soft, weak 
sections or seams, which are readily eroded under severe exposure 
conditions. 

Lack of care to prevent the disturbance of the previous day’s con- 
crete surface while spading the succeeding lift at the face of the forms 
causes weak construction seams where erosion can start. 

Failure to remove the mortar which has splashed onto the surface 
of the forms of the succeeding day’s lift results in a rough, patchy, 
and sometimes porous concrete surface. 

8. Poor materials. Our knowledge of cements is so limited it is 
impossible to state in the majority of cases of failure whether the 
quality of the cement is a contributing factor. Investigations have 
shown that cements which may be unsound or otherwise inferior 
according to our standard tests may give wholly satisfactory re- 
sults in concrete under normal exposure conditions. The converse 
has also been noted to be true, that some cements meeting the re- 
quirements of standard specifications are not wholly satisfactory 
in concrete under normal exposure. This situation indicates that 
our present specification is unsatisfactory, for it does not properly 
classify cements. 

_ Impure or improperly graded sands occasionally account for de- 
_ terioration or failure. The use of stone screenings containing a large 
percentage of dust results in a porous concrete which is disinte- 
grated by frost action. The use of soft shales, schists, and similar 
aggregates which decompose cause rapid deterioration of the concrete. 
The above do not cover all the causes of failure but only those of 
general character and application. 
; The art of concrete construction is in its adolescence, although 
developing with great rapidity. It is impossible to enumerate 
general rules of practice for fabricating a material such as concrete, 
_ which is any concoction containing Portland cement, and so cir- 
- cumscribe the statements by limitations on their application that 
i : they will, in every case and under all conditions, be correct. It is, 
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therefore, with considerable hesitation that the author makes the 
following suggestions. The observance of these suggestions will 
assist in obtaining an excellent quality of concrete which will 

in general resist the disintegrating action of the elements. Where _ 
the surface will be exposed to unusally severe erosion and frost BY 
action it is the opinion of the author that a stone facing should 

be — Under other unusual exposure conditions special — rd 


posure satisfactory results may be sbteined without following all of A 
the suggestions here made. 


is SUGGESTIONS FOR IMPROVING THE QUALITY OF CONCRETE ee 

It would be bold presumption to claim originality or newness for _ 
any of the suggestions which follow, although in certain respects oe: z 
somewhat radical changes from current practice are proposed. These pag 
are made not from theoretical considerations but from careful field | 
observations of a large number of structures built under varied _ 
conditions. 

The consistency of the mixture should be quite stiff, preferably 
such that it can be rammed or tamped with a tamper and yet not so 
stiff but that it will produce a smooth surface against the forms, 
just barely showing the board marks when the forms are removed. 
If the concrete is reinforced a wetter consistency must be used, but 
any increase in the amount of water used in mixing is at a sacrifice 
of quality. The use of this stiff or quaking consistency will practi- 
cally eliminate segregation, it will eliminate or decrease to a minimum 
the formation of laitance and the prominence of construction seams : 
between days’ work, and it furnishes concrete of high strength and : 
low porosity. Its use will automatically necessitate more thorough ~ 
mixing and more care in placing in order to obtain a presentable © 
face. In fact, this consistency is most desirable from every stand- 
point but one, and that is cost of proper placing. If used only in 
the facing of mass work, however, the additional cost on the entire 
structure may be very slight. 

The author realizes that this recommendation, while approved by 
some, will be considered extreme and radical by many. A recent | 
examination of a large number of structures under severe exposure 
conditions demonstrates the marked superiority of this particular 
consistency in every case. 


CONCRETE IN WATERWORKS STRUCTURES 451 
£ 
on 
7 
- 
a 


J. 


It has been suggested that the evils produced by the use of watery 
mixtures could be in large measure remedied by wasting the “‘laitance’’ 
or lighter portions of the mix which float to the top of each day’s 
work. If soupy or wet mixed concretes were defective only in the 
seams or at day’s work planes the suggestion would be effective, but 
soupy concrete is defective through the mass and especially so in 
the corners and ends of the forms which are usually filled with the 

lighter portions of the mix. 

Thorough mixing results in uniformity in quality, increased strength, 
increased plasticity, and in a generally improved concrete. There 
is a certain minimum of mixing required to give maximum strength 
with any particular set of conditions. The more water used up to 
a certain limit, the less mixing required. If gravel :s used as the 
coarse aggregate, less agitation is required than with crushed stone 
under similar conditions. If the mixture is relatively stiff, its 
plasticity is much increased by thorough agitation. For the best 

_ results the actual mixing should never be less than 20 revolutions, 
requiring about one and a half to two minutes of continuous rotation 
in the drum of the common type of mixer. Some engineers and con- 
tractors are now requiring from two to ten times this amount of 
mixing. 

The sand should be clean, hard, preferably graded, and relatively 

- coarse. The coarse aggregate should also be graded and the maxi- 
mum particles not too large, 2 inches or less, in the portion of the 

- concrete near the exposed surfaces. In the interior of the mass the 
use of large size aggregate, 6 to 8 inches, is both desirable and eco- 

- nomical. The cement should be carefully inspected and tested. 

ih Although all brands are guaranteed to meet the standard specifi- 
; in cations some are better than others. Preferably those brands should 

_ be selected which are known to run uniform in quality. 

Special attention should be given to the details of construction. 

he possibility of erosion and frost action at construction seams 
_ should be minimized by careful squaring of the edges of the green 


removal of any laitance that has formed. 

The concrete should be carefully transported so that there will 
: 2 be little or no segregation and it should be deposited in the forms as 

- near as possible to its final resting ponen. Long chutes in general 


be flatter that 35 dupees to the horizontal. The pullictatioution of 
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-orshoving. Actual tamping can and should be done if the author’s 


recommended consistency is used, and the surfaces should be spaded 


and the surface of the form lightly tapped. The thorough working 
of stiff mixtures increases the density but the soft mixtures cannot 
be worked very much or segregation and excessive laitance will 


result. 


The above factors are considered minor details by many but they 
are of major importance in exposed work and should not be neglected. 
The designs employed should be such as will, as far as possible, 
permit the use of stiff concrete mixtures which require thorough 


_ working into place and the location of bulkheads at short intervals 


so as to carry up the work with the fewest number of horizontal con- 
struction joints. Sharp angles and corners, which are easily cracked 
or eroded, should be eliminated wherever possible. Only the abso- 


_ lutely necessary joints should be made at the exposed faces. All 
steel should be embedded a full 2 inches from the exposed face and 


r _ if the structure is near sea water additional protection is necessary, 
- depending upon the location and design. 
In addition to the important matters discussed above, all factors 


entering into the fabrication and treatment of the concrete must be 
_ given attention in the case of each structure if satisfactory results 


are to be obtained. 
Since concrete is wholly a field fabricated material, the quality 
obtained is largely dependent upon securing the whole-hearted 


- godperation of the contractor. The contractor, who is in fact the 


manufacturer, must thoroughly understand what it is desired to 
accomplish. 

High-grade, intelligent men should be employed as inspectors 
and a greater number must be used than in the past. Their duties 
should consist, not exclusively in counting sacks, enumerating the 
employees of the contractor and measuring the yardage of concrete 


ae placed, but in intelligent assistance to the contractor so that hemay 


produce the quality of work desired. Unless the inspection force 
has been properly schooled and thoroughly understands and appre- 
ciates the need for this minute and exacting attention to details any 

specifications which may be prepared will be entirely vitiated. 
_ Furthermore, the inspectors must have the support of their superiors 


and if possible the confidence of the contractors or their work will 


not be effective. Too much stress cannot be placed upon the need 
for intelligent and adequate inspection. 


concrete in the forms should be done by shoveling and not by gravity aie 
; 
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ui -mensurate with the price which they are paid. Where one oh sel 
to follow instructions it is often because he does not apppreciate the ’ 
importance of these details and looks upon them as unessential.  — 
All the suggestions made above may be summarized in the one | 
that the most skilled obtainable be em- 


‘ and in quality of the concrete surface whieh 
is to be exposed to severe elemental action. Under certain con- — a 
ditions even the best of concrete will deteriorate unless protected 
The author was requested to present information on two par- 
ticular methods of repairing deteriorated concrete, viz., the cement —— 
gun and the concrete atomizer. Most of the of this 
Association are familiar with the construction and operation of both 
machines and it will not be necessary to describe them in detail. ine 
The cement gun consists of two compartments, the upper or © 
_ charging chamber and the lower or discharge chamber, the A 7 
containing a revolving feed wheel and discharge mechanism. In — 
operation a charge of dry sand (not over } inch in size) and cement, i 
ba - being given a preliminary mix, is fed into the upper chamber; | 


: 


chamber it is automatically stirred and by a 
_ wheel into a hose. By closing the door between the two chambers ae 
and releasing air from the upper chamber, the upper door may be _ 
opened and the chamber again charged, thus making the operas 
tio continuous. The dry mixture of sand and cement is forced 
through the hose by air under 40 to 75 pounds pressure. Just 
_ before passing through the nozzle of the hose, water is added to the 
* ay mixture in the form of a fine spray from a hollow ring within the 
nozzle, pierced with holes for the water. The quantity of water is 
regulated by a valve. Mixture with the water is effected at the __ 
nozzle, in transit, and on impact upon the surface being coated. 
The concrete atomizer differs from the cement gun in several re-_ 
spects. It handles either mortar or concrete mixtures. All ma-_ 39 
terials, including the water, are mixed in the machine by means | 3 
of revolving paddles preferably in the presence of steam at a pressure d ‘ 
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of about 90 pounds per square inch. After mixing, the concrete is 
discharged by means of steam at about 40 pounds pressure through 
a hose to a nozzle which is held several feet from the surface upon 
which the concrete is to be deposited. It is of a batch type and not 
continuous in operation. 

Both of these machines can be used to apply mixtures through 
several hundred feet of hose on either vertical or horizontal surfaces. 

The cement gun has been on the market for a number of years, 
during which period it has been used on many structures, often in a 
more or less experimental manner and with varied results. The 
uniformity in quality of the mixture applied to a surface depends 
largely upon the skill of the operator and the character of the surface 
upon which the coating is being applied. Observations indicate 
that dense impermeable quality mortar weighing from 150 to 160 
pounds per cubic foot can be readily applied to surfaces which are 
flat or do not have deep recesses or interior angles. In deep recesses, 
where the mortar is wholly trapped as it is applied and none of the 
sand can rebound, the mortar may be more or less laminated or 
seamed with porous sand layers or pockets. 

It is believed these defects can be much reduced by special care 
in manipulation of the apparatus and the use of proper mixtures, 
consistencies, and air pressures: For the best results on vertical 
surfaces it is generally considered necessary to apply the mortar in 
layers not over } to 4 inch thick 

The machine is not fool-proof and in the hands of the unskilled 
will not produce good results. The mortar properly applied adheres 
well to concrete, brick, tile, and stone surfaces. 

The concrete atomizer has been in use for several years. Under 
favorable conditions it produces concrete of great density, 160 to 
170 pounds per cubic foot. Its main superiority over the cement 
gun lies in the fact that the process of mixing is completed before 
the concrete passes through the hose, that it handles concrete mix- 
tures and leaner proportions than the cement gun. The uniformity 
of the product is not so largely dependent upon the method of ap- 
plication. The product of the atomizer adheres well to concrete, 
brick, tile, and stone surfaces, if properly applied. 

It is the author’s opinion that both of the machines can be used 
to repair deteriorated concrete structures. The success of such re- 

rE pairs is largely dependent upon the proper preparation of the eroded 
or deteriorated surfaces. In general, where deterioration has taken 
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place, the concrete is soft or of poor quality. If the foundationis _ 
not firm, do not expect good adhesion. In such cases it is necessary _ 
_ to provide mechanical anchorage by means of expansion bolts and 
metal fabric, if permanency is to be assured under severe ne 
conditions. Pixs 
In general it may be stated that although the possibilities of both — x 
the cement gun and the concrete atomizer have not been fully de- 
veloped, it is believed they can be satisfactorily employed aa 
many conditions for repairing deteriorated or eroded concrete sur- 
faces, and if properly handled will produce satisfactory results. 


Fr RANCIS Loneuey: We all fully appreciate the importance 
ac the summary that the author has given of this subject of concrete, 
especially every one interested in the design and construction of 
 conerete structures in connection with water works. He naturally 
lays great emphasis on the importance of securing intimate mixtures" 
and proper proportions. That, of course, is fundamental, and that 
ha ‘er depends largely on the energy, honesty and ability of the contractor _ 
ho is handling the materials. 
_ But assuming that we have concrete perfectly mixed in accordance — 
ow ith the specifications, we will all admit that the worst enemy of good : ae. 
concrete is frost. The action of frost will disintegrate rock of any 
er a It is one of the greatest factors in geological changes; and 
the more porous the rock is, the more rapid is this disintegration due 
to the action of frost. Similarly we can fairly assume that the more 
porous concrete is, the more rapid will be its disintegration due a 
- frost action. It naturally follows, therefore, that to makeconcrete | 
as resistant as possible to the action of frost we ought to make it as 
impermeable as possible. Impermeable concrete, depends, of course, 
- upon the nature of the mix. 
_ First of all, as we frequently have called to our attention, the 
 ——e materials, the sand and the gravel, must be properly ie 
graded and properly proportioned; secondly, and of equal if not of 
— importance, we must have plenty of cement in the concrete. 
In the early days of the manufacture of concrete structures it was 
customary to reduce the quantities of cement to an absolute minimum ~ 
on account of the high price of cement; but the relative costs of the 
different ingredients that go to make up concrete have changed 
materially in the last twenty years. aa ich 
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The cost of cement used to be too high, and the cost of labor low. 
These conditions are now exactly reversed. Therefore, it is apparent 
that we can at quite reasonable cost increase the impermeability 
and consequently the durability of concrete by making a consider- 
able increase in the percentage of cement in the mixture, which in- 
creases not only the impenetrability but also the strength. It is 
a simple way of arriving at a very desirable end. In the course of 
the past ten years, the firm to which the speaker belongs has made 
two such general increases in the percentage of cement in the mix- 
tures used for concrete structures. 


J. N.CuHEstTer: What was said in the paper in regard to the neces- 
sity of spading and tamping is certainly in the line of good practice; 
but does the author of the paper realize that with reinforced con- 
crete, the thin walls that are produced and the frequently deep 
forms employed render it extremely difficult to carry out his pre- 
scription with regard to the spading and tamping? Although the 
latter is essential, yet on the other hand the drift is rather toward 
the use of more water in concrete. In a tank recently constructed, 
the supporting members of the tank were inclined at a slight angle, 
more for the object of bettering the external appearance than any- 
thing else. Realizing that some difficulty would be experienced in 
dealing with concrete at the bottom, long rods were provided in 
order that it would be possible to spade and tamp to a much greater 
extent. The removal of the forms revealed that the upper sides of 
those inclined members had failed to compact at all and were ragged, 
necessitating filling afterwards with cement mortar. Again, building 
a 16-foot basin with walls strongly re-inforced, it was found very 
difficult to spade and tamp the concrete satisfactorily. Has any- 
body been able to tamp and spade such thin walls properly and still 
use concrete of the stiffest consistency? 


Rupoupu Herne: Sometimes light is thrown upon a subject by 
going to extremes. The information that the author has given is 
based on the qualities of ordinary water. If sewage is in contact 
with concrete, sometimes with an acid and sometimes an alkaline 
reaction, it is very interesting to record its effects on the concrete. 

The speaker made an interesting examination in England many 
years ago of a number of sewage tanks built of or lined with concrete. 
This confirmed what Major Longley and the author have said, namely, 
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that the density of concrete is a very important factor in its dura- 
bility. In the sewage tanks there were a number of places wherethe _ 
deterioration was very apparent, where the acid of the sewage had 
eaten out the cement; and there were other places where the surface 
seemed to be just as it was when it was put in years before. A dis- 
cussion with the superintendent revealed the fact, that those places 
that were still good had been more carefully troweled, in other words, 
the surface was quite dense, whereas those places that had deteriorated 
had not been so dense. Very frequently the surface of concrete is 
somewhat porous and rough; and it thus gives the sewage a chance to 
penetrate, and the acid in the sewage to cause the deterioration. 
That examination gave the speaker the idea for the first time that 
one of the important requirements in concrete, when used for sewer- 
age purposes, was to produce as dense a surface as possible, and 
thereby greatly increase the chance for long life of the concrete. 
This conclusion has since then frequently been verified in the speak- 
 er’s practice. 


Frank A. Barsour: The author states that it is not good practice 
to spout concrete on an angle less than 30 degrees. The speaker 
agrees with this, yet on every contract with which he has been con- 
nected, where the contractor delivered concrete by the spouting 
method a flatter angle was proposed. The speaker has permitted 
an angle of 30 degrees and the concrete was good, but where spout- 
ing can only be done at a flatter angle he requires the contractor 
to use wheelbarrows to deliver the concrete. 

The author has made use of the term “erosion” in several places 
in the paper where its exact meaning is not quite clear, and it is 
desirable to have his definition of the word. The author will also 
furnish helpful information if he will give the Association a state- 
ment of the latest knowledge regarding the effect of the time of mix- 
ing on the plasticity of fresh concrete. 


LeoNARD Metcatr: Perhaps in reply to Mr. Barbour, the author 
will state also whether the government’s studies have included in- 
vestigation of the necessity for storing cement for longer seasoning 
than it has sometimes received in large and important work, where 
very large quantities of cement have been used. Among some engi- 
neers in this country that question has been considered one of great 
importance, as has been the necessity of having very much larger 
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quantities of cement on hand on the ground, in order to be perfectly 
certain that the cement be not too fresh and that it be well seasoned. 


James W. ArmstrRoNG: The speaker would like to ask the author 
to state his experience regarding the ultimate effect of continual 
seepage of water through concrete not subject to frost action. 


N. T. Veatcu, Jr.: There has been a great deal said about the 
amount of water used, which should not be left simply to personal 
judgment as to whether the concrete mixture shall be extremely 
wet, or rather plastic. Has the speaker any figures as tothe proper 
amount of water for different mixtures, that is, in gallons per cubic 
yard, say? 


J. Watpo Situ: The author of this paper has presented a very 
complete summary of the recent advance in our knowledge of con- 
crete and his facts and conclusions are recommended to the serious 
consideration of all users of concrete. The speaker is in full agree- 
ment with the main conclusions of the author. 

A quarter of a century ago concrete began to replace stone 
masonry. This early concrete was made with cement which was in- 
ferior to the Portland cement which is now being manufactured, 
largely natural cement. Nevertheless the results were highly 
satisfactory. In the light of recent experience this seems to have 
been due to the fact that this concrete was placed in such dry con- 
sistency that it had to be rammed very hard in order to compact 
it into a dense mass. It was deposited in layers only a few inches 
thick and heavily rammed for a considerable time. The mixture 
was so dry that only after prolonged heavy ramming did traces of 
water appear on the surface. 

Later it was found that by making concrete of a wetter consistency 
it could be placed with seemingly satisfactory results at much lower 
cost. It is only recently that it has been realized that this wetter 
mixed concrete is a material of a different class from the earlier 
rammed concrete. Very good concrete may be made with a plastic 
and even with a soft plastic mix, but it should be realized that even 
at its best such concrete does not belong to the same class as rammed 
or otherwise mechanically compressed concrete. When water is 
added to cement, a bond will form between the particles of cement 
only when they are in contact, and tests have shown that the closer 
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this contact is the stronger the bond will be, and the closest con- 
tact can be produced only by some form of mechanical pressure. 
For many purposes, however, plastic concrete may beentirely satis- 
factory if properly made, and in many cases, especially in reinforced 
concrete, it is generally impracticable to use the dry rammed con- 
crete; also in certain situations where a maximum of imperviousness 
is desired. 

In placing such plastic concrete, however, it should be realized 
that at the best there is an excess of water in the mixture, and that 
this excessive water should not be allowed to become any greater 
than is practically necessary. Sloppy concrete should never be 
permitted under any circumstances. Excess water seems to cut 
down the need for mixing and it tends to make a workable mix with a 
minimum of cement. It also seems to facilitate the distribution of 
the concrete. These advantages, however, are only seeming ones. 
In reality the wetter the consistency the more mixing is required 
in order to develop a degree of stickiness in the cement which will 
offset the wetness, and the more cement is required in the mixture 
in order to maintain a certain degree of strength and the less han- 
dling the concrete can stand without suffering segregation of the 
particles. 

The crudely manufactured early cements made a very good con- 
crete in a dry mix, but in a wet mix a higher grade of cement is 
needed, a cement which will not be excessively weakened by being 
deposited in a very wet condition. Those who have studied modern 
Portland cements seem to agree on the conclusion that when the 
mass is not thoroughly compacted the water in the voids causes 
crystallization of the lime and, possibly, other ingredients of the 
cement and that this crystallization is detrimental to the strength and 
durability of the concrete. A cement in order to be suitable for use 
in a plastic mix must, therefore, be so constituted that this crys- 
tallization will be a minimum. This condition seems to call for 
a revision of the standard specifications for cement. As now drawn 
up these specifications do not recognize the distinction between 
the plastic and the dry mix. They seem to be designed entirely 
with reference to the dry rammed mix which was used a quarter of a 
century ago. It is to be hoped that some test will be devised by 
which the behavior of the cement in a plastic mix will be revealed 
so that greater uniformity will be obtained. 

The appearance of laitance on the upper surface of wet concrete 
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is to be regarded as an indication that more or less of the best of the 
cementing medium has been floated to the top and thus lost to the 
concrete. This laitance occurs in an amount which is more or less 
proportional to the quantity of water used in the mix and should 
always be carefully removed, since it seems to be so constituted that 
it will not permit of a bond with work placed above it. 

Porosity of the mass and weakness of cement bond seem to be 
among the primary conditions which result in the disintegration of 
concrete, but evidence seems to be accumulating that many cases of 
failure are to be attributed to the dissolving out of the soluble erys- 
talline components which form in the presence of an excess of mix- 
ing water. Small channels resulting from this solution action be- 
come filled with water which expands on freezing and thus tends to 
hasten the disintegration of the mass. 

One other factor which seems worthy of consideration is the part 
which may be played by the variation in kind and quality of the 
raw components which enter into the cement. The materials com- 
ing from the quarries are of necessity subject to variation, and in the 
case of some, this variation is within extremely wide limits and may 
easily result in a variation in the characteristics of the finished product 
sufficient to account for many of the failures which have occurred. 

It seems clear, however, that the action of the mixing water is 
one of the most important elements governing the quality of con- 
crete, and further study along this line will undoubtedly result in a 
modification of the present standard specifications, with a view to 
eliminating those cements which are unduly sensitive in the presence 
of water, and which show the greatest breaking down of their primary 
constituents in the interval between the beginning of the mixing and 
the attainment of the initial set. 

Much work in these directions remains to be done, and progress 
while necessarily slow, is none the less certain. Our aim in this 
direction should be to produce a cement which will have all of the 
good features of the modern Portland, combined with all of the age- 
resisting and time-defying qualities of the cements of ancient Rome, 


Rupo.px J. Wie: The author might explain one way in which 
the conclusion regarding the undesirability of watery consistency 
is reached. There is one government project where there are some 
twenty-five or thirty structures. Similar designs and similar ma- 
terials were used, but they were built at different periods, ranging 
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from 1893 up to the present time. In studying these structures ie 
was found that every structure built from 1893 up to 1902 had been 
either wholly or partially replaced, having disintegrated when ex- | & 
posed to severe erosion conditions; while all of the structures 
built from 1902 to 1904-05 are in excellent condition today and show | 
no erosion. The structures built from 1905 up to the present time _ 
have either been extensively repaired, or are now severely eroded. _ 
Another structure was built in three periods, one portion being built _ 
in 1901, under the supervision of an engineer who believed in very dry __ 
concrete. The second portion of the structure was built two or 


three years later, a new engineer being in charge who permitted the 4 


use of a little wetter concrete, in fact, it was of the mushy consistency. __ 


About five years later the first portion of the structure was so badly 
eroded that it had to be repaired. The repairs were made with con- 
crete of a very wet or fluid consistency. The repaired section is now __ “4 
very badly disintegrated, the original work which was not repaired a i 
is badly disintegrated; the second portion which was mixed to “inet 
mushy consistency is in excellent condition, and has not been eo ‘i 
repaired. 


twenty minutes. He is not doing this under compulsion, as the 
specifications do not require it; but he figures that the improvement _ rs 
in quality warrants the additional cost. The contractor who mixed soa : 
the concrete for twenty minutes did so in order that he might reduce a . 
the amount of water required for proper plasticity. Hydrated lime _ 
has long been used for increasing plasticity, and the author believes as ; 
it can be used with satisfaction. Similar results can be obtained 
by using other fine materials, or an increased amount of cement. __ . 
The author desires to make some further remarks about testing _ 
cement. Cements tests are of absolutely no value unless the samples 
taken are really representative of the material which is to be used. i ip 
You cannot take samples with a sampl'ng iron from the top of a bin | WF 
of any depth and get material which represents the product in the | 
bin. If samples are taken by this method, only the cement at — ig 
the top is obtained and not the material three or more feet from the bs . 
surface A number of investigations have been made in coépera- _ 
tion with cement mills, in which sound and unsound cement was in 
layers in the bin and samples taken in various ways to determine 
satisfactory methods of sampling. 


OF 
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he. Ga ; The author was rather interested recently in examining some | 
work being done under the supervision of the Fine Arts Commission 
a f Washington, in which the contractor is mixing his concrete for 
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The author did not attempt in the paper to emphasize the need for 
a better consistency with re-inforced concrete. It is recognized 
that a wetter consistency must be used for reinforced than for un- 
reinforced concrete. This may be in part compensated for by using 
more cement. 

Major Longley emphasized the need for greater density and for 
using more cement in mixtures. Few engineers realize that by in- 
creasing the amount of water only one per cent at the critical point 
the strength of a 1-2-4 concrete may be reduced 50 per cent. Strength 
is not the only factor affected by the use of excess water. The por- 
osity is greatly increased, which make it subject to rapid weathering. 
Increased density is obtained if a smaller quantity of water is used 
in the mixing. 

The term “erosion” was used to cover disintegration or deteriora- 
tion from internal causes such as unsound cement or frost action and 
external mechanical causes such as abrasion. 

The angle of the chute is set rather high, perhaps higher than is 
necessary in some cases, in order to avoid a desire on the part of the 
contractor to use very wet mixtures. If the angle of the chute is 
very great wet mixtures will slop over. Furthermore, the steep 
angle of the chute will require a very high tower if the material is to 
be conveyed a long distance; thus the tendency will be to use wheel- 
barrows or buggies rather than chutes. In the author’s opinion, 
the latter are far more preferable from the fact that by their use the 
concrete is deposited in smaller quantity at or near the particular 
point where it is to remain. Where shot into the form from a 
chute and worked along the form into place the fine material and 
laitance are worked to the outer edges and corners. 

In reference to the seasoning of cement, it is the author’s belief 
that the best cement is absolutely sound when manufactured, so that 
it may be taken from the mill and immediately used. The reason 
that it has been necessary to store cement during the past, and is in 
fact necessary now in most mills, is that manufacturers do not control, 
properly, the temperature of burning, composition and other factors 
in the process of the manufacture of the cement that are necessary 
to get it thoroughly burned and have the proper proportions of the 
cement mixture so that it will be sound. The best cement can be 
used directly from the mill and is sound without seasoning. 

Perhaps this needs further explanation. Cement is unsound when 
it contains a certain amount of free lime or compounds of lime. As 
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cement is seasoned both the lime and cement compounds are hydrated. 
In other words, some of the very finely ground particles of the cement 
which would have good cementing value are hydrated and made 
inert. Thus all seasoning of cement is’ at a sacrifice of cementing 
material. However, when the cement has not been so carefully 
manufactured as to be free from free lime it is necessary to season it 
with a slight reduction in cementing value. 

If concrete is exposed to continued seepage of water it may or may 
not disintegrate, depending upon the purity of the water and the condi- 
tion of the concrete, particularly as to the state of carbonation of the 
lime of the cement. 

No definite figure can be given for the amount of water required 
for concrete; it depends upon the materials used, particularly the 
gradation of the sand and the amount of water contained in the ag- 
gregates as they lie in the pile. One gentleman described very well 
the best nee of concrete when he said that it should be about 
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OPERATION! 


By Lewis I. BrrRDSALL 


It has occurred to the author that certain practical problems 
encountered by him during his experience in the management of 
mechanical filtration plants may arise elsewhere, and, therefore, a 
_ description of some of these problems and their solution may be of 
general interest to designing engineers and superintendents of 
filtration. 

Coagulant piping. One of the greatest problems lies in furnishing 
an ample supply of coagulant solution to the right place at the right 
time when it is most needed. When the author assumed charge of 

the new Rock Island filter plant in 1911, a 13-inch lead-lined iron 
pipe carried the alum solution some 300 feet to the far end of the 
coagulating basins, the pipe being laid under the water of the basin. 
_ The available head for producing the flow of alum solution was ap- 
proximately 4 feet. It was soon found that this line would not carry 
the required amount of solution because of the clogging of the pipe 
_ by deposits from the alum, and also because of entrained air. A 
~ hydraulic ejector was placed in the line, but while it served to remove 

_ the air it did not remove the deposits in the pipe. 

More serious difficulties arose when the alum solution began to 
appear where least expected. Investigation showed leaks at the 
threaded joints where lead did not meet lead, and also at the bad 
spots in the piping where the lead lining was deficient. The line 
was mostly under water, so the difficulties were increased. Whole 
lengths of pipe were replaced, but the troubles continued. The 
lead-lined pipe was replaced with a 2-inch composition conduit which 
was guaranteed to be unaffected by the alum solution. So it was, 

ea but when the water in the basin began to warm up in the spring the 
conduit expanded and broke at the joints. Expansion joints of 
rubber hose were inserted, but when cold weather came the conduit 
contracted and pulled apart. Lead and brass pipe were then tried, 


1Read before the Richmond Convention, May 9, 1917. 
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but these clogged up with deposits of slimy material. C. R. Hen- 
derson, manager of the Davenport Water Company, then suggested 
the use of four-ply rubber hose, which was installed in 50-foot lengths, 
and the troubles were eliminated. Whenever the hose clogged up 
it was removed, one length at a time, trod upon to loosen the de- 
posits and then flushed out with water under pressure. 

It is only fair to state that recent information from Rock Island 
shows that fibre conduit is satisfactory when encased in concrete or 
other suitable material, and is not subjected to extreme changes in 
temperature. 

All coagulant lines in the Minneapolis filtration plant were of 
2-inch lead pipe with brass couplings, laid with a slope of 1 inch in 10 
feet on horizontal runs. The discharge lines from the solution pumps 
to the overflow tanks which supply the chemical feed controllers 
gave little trouble from clogging, but the gravity flow lines from the 
controllers soon began to clog up, as did the pipes at Rock Island. 
The long runs of lead pipe were difficult to remove for frequent 
cleaning, and it became more and more difficult to get proper 
coagulation. 

It was decided in 1914 when making additions to the original 
plant, to install open coagulant piping in place of lead pipe on hori- 
zontal runs. Consideration was given to open tile laid in concrete 
and to a concrete channel; but the scheme finally adopted was 4-inch 
cast iron pipe open at the top and made from plans prepared by W. 
N. Jones, erection engineer. The author is again indebted to C. R. 
Henderson for the suggestion of open coagulant piping, which has 
solved all of the difficulties formerly experienced. It is readily ac- 
cessible for cleaning and for painting several times each year with a 
high grade of graphite or asphalt paint. No leaks have occurred 
in the pipe during the three years that it has been in service. 

The chemical composition of the deposit occuring in the alum 
lines at Minneapolis may be of interest. The following analysis 
of a sample was made in the laboratories of the General Chemical 
Company, Chicago; Fe.(SO,)3, 22.60 per cent; Fe(OH)3, 23.11 per 
cent; Al(OH);, 24.93 per cent; SiO2, 12.32 per cent; H.O, 15.96 per 
cent; CaO, none; Cl, trace. 

The high cost of brass has led to the use of iron flanges for con- 
necting lead to lead or lead to rubber hose on the discharge lines 
from the coagulant solution pumps. The iron flange is pushed on to 
the lead pipe, the end of which is then expanded with a mandrel and 
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= over so that a lead-to-lead coupling is obtained at slight em 
expense. 
Chemical solution agitators. The agitating devices for the chemi- = 
eal solution tanks were originally of the two-blade impeller type _ 
driven by a 3-inch by 13-foot hollow vertical shaft, direct-connected — | 
to a 2 horse-power motor running at 1720 revolutions per minute. 
_ The high rate of speed of the impellers produced excellent agitation - 
of the solutions, but caused the bending of the drive shafts and > 
armature shafts in the motors. Corrosion of the steel shafting — 
- and bronze thrust bearing made much trouble and a high cost of — 
maintenance. 
It was decided to reduce the speed of the agitehon to approxi- 
mately 600 revolutions per minute by means of reduction gears, — 
_ to replace the 6-inch impeller blades with wooden blades 3 feet long, — 
~ and to make steady bearings at the center of the vertical drive shafts. © 
_ These changes eliminated some of the troubles, but there still re- 
mained the corrosion of the bronze bearing and the steel shafts. 
Also the agitators were very noisy, the motors having been set on a 
steel deck supported by I-beams over the center of the tanks. 
The 4-inch hollow steel shafts were replaced with square 4 x 4- 
inch oak shafts, the two blades made of one piece of oak and hav- 
ing an upward thrust at an angle of 45 degrees from the horizontal. 
One horizontal motor of 2 horse power and 1120 revolutions per 
minute replaced the three vertical motors, and by means of shaft- 
ing, clutches and worm drive, the speed of the impellers was reduced © 
to approximately 10 revolutions per minute. The blades of the > 
_ impellers were lengthened so as to reach within 6 inches of the sides — 
of the tanks. The results have been very satisfactory; the noise 
as been eliminated, one motor does the work of three, there is no 
_ ‘% more trouble with the shafts or impellers, and the solution is amply _ | 
agitated. 
Painting concrete. The inside surfaces of all concrete chemical | 
solution tanks are kept well covered with a good grade of asphalt 
or graphite paint. It was found that the alum solution was dis- — 
solving the limestone aggregate and otherwise decomposing the _ 

7 “a concrete walls of the tanks. Graphite paint seems to give veer 2 
a service than asphalt, the latter gradually dissolving off. aie 
The aesthetic side of a filter plant. It has occurred to the author — 7 
- that more attention might well be given by designing engineers to 
_ the aesthetic side of a water purification plant. By this is meant _ 
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of a filter plant an appearance of lis light and 
liness through the liberal use of white tile and paint. The added 
expense to the municipality or private water company would be 
more than offset by the favorable impression created in the minds 
of the water consumers, who in Minneapolis, for example, visit the 
plant to the number of 10,000 yearly. Most filtration plants present 
a creditable appearance externally, proper attention having been 
given to architectural design and landscape gardening. But inside 
the plant it is usually gloomy and oppressive to the casual visitor. 
What a difference there would be in the impressions given if the sides 
of the filter boxes above the sand line were covered with white tile, 
the floor of white <ile and a wainscoting of tile extended around the 
side walls of the filter house. White paint on the walls above the 
wainscoting and on the ceiling would reflect light downward into 
the filter, and the whole appearance of the place would be changed. 
There would be an added incentive to the employees to keep the 
place absolutely clean and there would be no more spitting in dark 
corners. 

Some work along this line is being done in the Minneapolis plant. 
The concrete floors, which dusted up and were rough in spots, have 
been painted with concrete floor paint. This paint has not only 
improved the appearance of the floor and stopped the dusting, but 
has also added a desirable springiness that is much appreciated by 
the filter operators. The walls inside the plant are of white brick, 
and these are being painted with flat white wall paint. 

It has been found that the arc lamps originally installed over the 
filters are not satisfactory for lighting them. Clusters of Mazda 
lamps are being substituted in new construction work and electric 
lights placed about the filters at the side of the walks so that the 
entire surface of the filters may be observed when washing at night. 

Portable valve-opening motor. The sluice gates installed in the 
gate house of the original plant are hand-operated and it required 
considerable labor and time to open and close them. When two 
new coagulation basins were added in 1914, they were equipped 
with sluice gates, the stands of which were geared so as to be opened 
or closed in less than five minutes by a portable electric motor. 


_ The outfit consists of a 3 horse-power 440-volt, 3-phase electric motor 
running at 660 revolutions per minute, with control board and ex- 


tension cable, all mounted on a truck so arranged that the raw- 
_ hide pinion of the motor can be engaged with the gear of the stand. 
oa The truck is fastened to ™ stand by quick- se bolts. 
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PROBLEMS 
Electric current is obtained from suitable contacts arranged in 
the wall of the building. The motor is equipped with proper devices 
to prevent jamming of the gates, and has given entire satisfaction. 

Sterilization of distribution mains. Sterilization by means of hy- 
pochlorite of lime of all distribution mains larger than 12 inch, 
following their installation and previous to their being placed in 
service, is now practised in Minneapolis with gratifying results. 
Experience has shown that flushing a pipe larger than 12 inches 
does not entirely remove polluting material which has entered the 
pipe previous to or during the laying of the same. If the pipe is 
large enough to permit, it is thoroughly brushed out and then as it 
is slowly filled hypochlorite is added at the fillmg end in amounts 
large enough to leave a large excess of free chlorine, as shown by the 
tests. Bacteriological analyses are made later to see that the water 
has been sterilized from one end of the pipe to the other. After 
allowing the pipe to stand full for several days, the water is com- 
pletely drained out and the pipe flushed with fresh water if suitable 
drains are available. Otherwise the pipe is flushed out through 
hydrants until tests show the water to be free from the chlorine 
added. 

Automatic chemical feed controllers. Earl chemical feed control- 
lers were installed as a part of the equipment in the Minneapolis 
filtration plant, and they have proved to be of the greatest value 
in operation. Soon after they were put in service trouble developed 
with ‘the electrical control apparatus. The hydraulic valves on the 


supply line were controlled by pilot valves and these in turn by 


Ty 


electro-magnets through ingeniously arranged contact points on the 
ends of the balanced arm at the top of each machine. The electro- 
magnets would stick at times unless carefully watched and either 
would cause the hydraulic valves to close off entirely, thus shutting 
off the entire supply of chemical solution, or else the valves would 
open wide and the machines overflow. 

One other trouble that developed was the continual chattering of 
the electrical apparatus, and the constant movement up and down of 
the hydraulic valves, thus causing a continual fluctuation in the 
levels of the system. Also it was necessary to keep a small triplex 
pump running constantly to supply pressure for the hydraulic valves 


on these machines and a ten-volt direct-current motor-generator 


mach:ne to supply current. 
It occurred to the author early in 1913 that these difficulties might 
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be by using balanced float valves and 
_ throughout. An experimental controller was made from soil pipe 
and the plan tried out with success. All of the electrical apparatus 
was then removed from the master and other controllers, and balanced 
float valves installed. The master controller was equipped with two 
#-inch balanced float valves, one connected with the water pressure 
line, so as to supply water to the right hand tube of the master con- 
troller and the other to a drain so as to lower the water level in the 
same tube. The two balanced valves were then connected with a 
i-inch rod attached to the balance arm on the master controller 
_ in such a manner that as one valve opens the other closes. The 
relative adjustment of the two valves was secured by turnbuckles, 
and the balanced arm on top of the controller was weighted so as to 
compensate for the pull exerted on the opposite side of the fulerum 
_ by the two valves. 
Each of the three alum and two hypochlorite controllers was 
equipped with a 2-inch monel metal balanced float valve, ~~ 3- 
_ inch valves with iron bodies were used on the lime controllers. Each 
valve was connected directly with the balanced arm on top of the 
~ controller by means of the 3-inch rod and turnbuckle as on the 
master controller. A glass ‘sight tube was placed on each con- 
Pa and on the master, with a graduated scale behind the tube. 
The result has been even more gratifying than was anticipated, and 
all troubles have been eliminated. The system automatically regu- 
lates itself with changing rates, and aside from a slight adjustment 
- occasionally of the turnbuckles or cleaning of the valves no attention 
is required. Two triplex pumps, two motor-generator sets and com- 
ie plicated electrical apparatus have been eliminated, and there is no 
more fluctuation of levels in the system. 
we Liquid chlorine. Hypochlorite of lime was formerly used at 
 ‘aennepelin in conjunction with filtration. At first the hypo- 
chlorite was added to the water upstream from the filters, but it was 
ee - found that tastes and odors appeared in the filtered water during — 7 
the summer months. The hypochlorite was then added to the abs 


water and fewer complaints resulted. 
In November, 1915, because it was found impossible to secure a a 
ar’s contract for hypochlorite, liquid chlorine treatment was sub- 
_ stituted for the hypochlorite. Three Wallace & Tiernan chlorine _ 
ee xchines were installed, and as a result, the tsar w ill never 
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~ have been no complaints of taste or odor arising from chlorine treat- 
ment since the beginning of the use of liquid chlorine. 

Filter bottom troubles. The filters had not been in service sixty 
days before breaks occurred in the Tobin bronze strainer plates. 
At first the breaks were scattered, but they became so frequent that 
it was necessary to remove all center strainer plates from all filters. 
The brass wire screen that had been bolted to the ridge blocks to 
hold the gravel down became such a nuisance at this time that it was 
taken out altogether, the depth of gravel increased to 13 inches 
with a new size, 14 to 2 inch added. The filters have washed 
better without the screen. 

Investigation showed that many of the center plates and a few 
side plates had failed. Most of the breaks, however, were i: the 
center plates which were supported by yokes from above the plates, 
whereas the side plates were held in place by U-bolts from below. 
It was thought, therefore, that possibly the design of the center 
plates was at fault and F. W. Cappelen, city engineer, suggested 
reinforcing each sound center plate with }-inch sheet brass riveted 
longitudinally along the center line of the plate. The broken center 
plates were replaced with medium brass plates made up as needed. 
Many of the reinforced plates cracked along the edge of the brass 
strip and had to be removed. 

Tests of the tensile strength and bending of the Tobin bronze 
were made on strips cut from plates that had failed, but the tests 
seemed to show that the metal met the original specifications. 
Meanwhile the breaks continued, and it became difficult to keep 
enough filters in service to supply the city with water. 

A decision was made to re-design the strainer plate system, mak- 
ing the plates heavier, increasing the size of the holes in the plates 
from ; to ;-inch and reinforcing the plates with bronze ribs. 
Inquiry was made from various users of naval bronze and all agreed 
that the best grade of Tobin bronze should be adequate for the city’s 
needs. The plates and bolts were then ordered made according to 
plans and specifications rigidly drawn by the designing engineer and 
approved by City Engineer Cappelen. 

The new plates and bolts were properly installed in one filter unit, 
and the filter placed in service. Breaks occurred and upon investi- 
gation it was found that the bolts in the center had failed. A few 
of the plates also had cracked. 

All bolts were then tested in tension by a dead load of 800 pounds. 
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Bolts tested to failure in a testing machine deslehinal out a: a 
load varying from 1420 to 1350 pounds. Other bolts bent through 
180 degrees flat on themselves showed no fracture of the bent por- 
tion. The bolts tested to failure gave a unit tensile strength vary- 
ing from 71,000 to 100,000 pounds per square inch. Carefully 
tested and inspected bolts and plates were then replaced in the filter 
and the filter put in service. Failures again occurred. 

A new lot of bolts was then heated in a furnace to a cherry red, 
quenched in luke-warm water, tested to 600 pounds and put in place. 
They lasted about four weeks. 

Strainer plates next began to fail. Laboratory tests were made 
to determine the effect of temperature changes upon the metal, also 
of electric currents, and of the water in the filters. These tests 
seemed to show no effect whatever upon the metal, which appeared 
to be sound. The mercuric chloride test was applied but without 
any result. 

The company which made the plates and bolts suggested that 
possibly the cold working of the metal in making it up into plates and 
bolts might have caused a re-arrangement of the molecules. They 
suggested annealing the metal. Therefore, enough plates and bolts 
to equip one filter were heated in a furnace to a cherry red for one 
hour, then removed and slowly cooled. These plates and bolts were 
then placed in a filter and the filter put in service. The results 
were very gratifiying, no breaks occurring. The rest of the plates 
and bolts were then annealed in the same manner and after inspec- 
tion and removal of any cracked ones, were placed in the filters. 
Only a few scattered failures have since occurred. 

The medium brass plates and bolts installed in the filters have 
shown no failures whatever. Monel metal plates and bolts likewise 
having been used in one filter have shown no failures. All of the 
troubles were confined to Tobin bronze. 

The U. S. Bureau of Standards made an investigation of the molec- 
ular structure of plates and bolts that failed and likewise of similar 
material that had not failed. Its conclusions based upon these 
investigations and on investigations of naval bronze failures else- 
where, are that the cold working of the metal and too little attention 
paid to annealing cause considerable internal stresses, which are re- 
_ sponsible for the failures. It appears probable that hereafter monel 
- metal will be used for strainer plates and bolts at the Minneapolis 
filtration 
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Josmrx Race: The speaker wishes to know if the author has had 
any complaints regarding odor at Minneapolis due to the steriliz- 
ing treatment given to new mains. In Canada the speaker has noted 
several complaints of this character and they appeared to be due 
to a combination of the hypochlorite or chlorine with the asphalt 
paint used for coating the mains. 


Pror. Epwarp Bartow: Has the speaker any figures of the rela- 
tive cost of liquid chlorine as compared with hypochlorite? The 
Central Illinois Public Service Company has made comparisons 
and reached the conclusion that liquid chlorine was much cheaper 
than hypochlorite. 


_ Mayo Toman: The point of application of the chlorine seems to 
have some influence on the taste and odor of the water. A certain 
town in West Virginia was forced to supplement a supply of water 
derived from driven wells with river water. A chlorination plant 
was installed to treat the river water, but the point of application 
was such that it was necessary to treat the well water also. It was 
found that when the river water predominated chlorine tastes were 
particularly noticeable but that when the well water predominated 
there was no taste, although there was no appreciable change in the = 
amount of chlorine used or the total volume of water treated. Oath 2 ae 

THEODORE A. LEIsEN: Perhaps it might be pertinent to state con- 
ditions in Detroit, especially regarding the question of the after- 
growth. In the matter of taste, without any change in the quantity 
of chlorine, a perceptible taste has been found at certain times and 
not at others, the taste increasing apparently in proportion to the 
organic matter in the water. It might be interesting to give the 
record of Detroit water for three or four months. This record pre- 
sents a rather remarkable example of surface water which at times 
may become polluted, and at times is polluted, and then again for 
a considerable period shows no sign of pollution. 

The record covers December, 1915, January, February and March, 
1916, when using about 13 pounds of liquid chlorine per million 
gallons of raw water. In December it showed 11 bacteria per cubic 
centimeter on agar at 37°, and confirmed evidence of B. coli in 69 
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out of 231 samples. The treated water showed 3 bacteria on agar, 
and no evidence of B. coli in 230 samples. In January, the raw water 
showed 4 bacteria on agar and evidence of B. coli in 12 out of 210 
samples. The treated water showed 2 bacteria and no evidence of 
B. coli. In February the raw water showed 3 bacteria and no evi- 
dence of B. coli. This was reduced to 1 bacterium in the treated 
water and no evidence of B. coli. In March the record went up to 
19 bacteria and evidence of B. coli in 3 out of 260 samples of the raw 
water; there were 14 bacteria per cubic centimeter and no evidence 
of B. coli in the treated water. The samples for B. coli were 10 c.c. 
samples, and were taken at the pumping station at various points. 

The chlorine is introduced at the shore end of the tunnel where 
it is fairly well agitated and then goes into what was originally in- 
tended for a settling basin but is so small that under present con- 
sumption conditious it really means simply a passage way to the 
pumps. The City Board of Health gets part of the samples taken 
every day, and their results confirm the Department’s tests. The 
tap water samples taken near the pumping station and those taken 
down town are almost exact duplicates of the results mentioned, 
showing that in this instance at least there seems to be no additional 
growth in the passage to the city. 


F. B. Leopoutp: The subject of coagulant piping has probably 
been of as much an annoyance as any other single item in the design 
and construction of filtration plants and many different schemes have 
been tried to minimize these troubles. If the experience of all the 
operators could be obtained, it would be possible to avoid these 
difficulties in construction more easily. The speaker has used almost 
everything that has been suggested for coagulant piping. One 
material has an advantage over another in one respect but it may have 
disadvantages which outweigh the advantage. After considerable 
experience with lead lined pipe the speaker will never attempt to 
use it in the future. In each case where it was used there was trouble 
because the lead lining had pin holes which allowed the solution to 
penetrate and attack the iron pipe. The speaker discontinued its 
use for several years and later made one or two additional installa- 
tions but the result was practically the same. 

It was next decided to try the composition conduit which is in- 
stalled in Rock Island, Ill. There was some trouble experienced at 
first, as the author states. After some changes the last reports were 
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that it was satisfactory. Onthe strength of the work at Rock Island, — 
St. Louis decided to try the conduit piping and it was installed origin- 
ally. It was unaffected by the alum solution but, due to unequal 
expansion and contraction, it was continually breaking and causing __ 
trouble and was finally abandoned and lead pipe used in the place of it. Se 
The speaker has never since attempted to use this type of pipe for 

chemical solution. ? 

It is probable that on the whole rubber hose has proved as satis- 
factory as anything. The plant at Flint, Mich., was completely _ 
equipped with rubber hose for solution piping. The great difficulty a ae 
with this is, of course, the proper support for drainage. In order 
to take care of this at Flint, the hose was placed inside wrought iron 25 : 
pipe. This has been in use at Flint for some four years with very oo 5 
satisfactory results. It has the advantage of being readily removed pins sa 
and cleaned at low cost and also the advantage of being flexible. _ 
By putting on additional pieces of hose the point of application can 
be readily changed. For large plants, however, it is extremely ex- _ g 
pensive and is probably not as well suited for them as for small — 
plants. In other words, the disadvantages of high cost would out- a 
weigh any of its advantages. 

The speaker has several times seen the cast iron conduit used in 
Minneapolis and after several years use with the alum solution it | 
seems entirely unaffected. It is not always convenient to place an 
open conduit for conducting the solution and many things have to be ie 
considered in determining what may be best suited for each condition. a 
Lead pipe is very satisfactory for alum solution but it must be | 
properly or it and cause pockets in which deposits 


perience is in line with that of many other cpenekons, 
of time an alum solution seems to disintegrate the concrete and the | 
speaker has been making it a practice of late to coat the inside of 
the chemical tank with an asphalt coating which apparently ob- 


viates this difficulty. 

Dia The author’s ideas of the esthetic side of filtration plant design 

Al ct are thoroughly in accordance with those of the speaker. However, 
it is practically impossible for a contractor or builder to inject into 
ae: his plans very much for appearances’ sake that will add to the cost 


of the plant. It has been the speaker’s experience that when bids — ae . 


pe 

. time become closed at nt. 

that point 
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are received on a plant that the first thing that is looked at is how 
many dollars it costs, and it is with the utmost difficulty that the 
average board can be persuaded to consider an analysis of what is 
being furnished for the dollars and cents in a comparative way- 
The engineer has more freedom in designing a plant for those things 
which add only to the appearance. Even when the engineer sug- — 
gests the expenditure of money for the sake of good appearance, a 
board is slow to appreciate it until after the plant is built; then it 
can see that certain effects might be added which would greatly 7 
improve the appearance and not add a great deal to the cost and is | : oe 
perfectly willing to express regret then that it was not done. ey 


Lewis I. Brrpsauu: There has been no trouble of the kind men- 
tioned by Mr. Race. After emptying the pipe of the strongly — 
treated water, the main is flushed for a while, and a test made to see 
that all of the free chlorine is eliminated. There have been no com- 
plaints whatever of the taste of chlorine in the water since the use 
of hypochlorite was abandoned in 1915. 

At Minneapolis a dose of approximately 50 pounds of hypochlorite _ 
is used per million gallons of water in the main. A very strong — 
residual chlorine content is desirable in order to obtain complete 
sterilization of the pipe. There are two ways of applying the bleach. 
If there is a manhole on the main the dry chemical can be dumped in 
it but better results have been obtained by mixing the hypochlorite — 
with water and adding the solution as the pipe is filling. Great stress 
is laid upon the test for residual chlorine in the water as the pipe is 
being emptied after standing full for several days. Bacteriological _ 
analyses show the water to be absolutely sterile in all cases. 

In answer to Dr. Bartow’s question, it was found that one pound 
of liquid chlorine at Minneapolis was equivalent to 5 pounds of hy- _ 
pochlorite. The cost of hypochlorite in 1915 was 21 cents per | 
million gallons of water treated. Last year, with liquid chlorine 
the cost was 27 cents per million gallons. That makes it look like — 
a higher cost for chlorine; but when it is considered that hypo- 
chlorite cost 13 cents per pound in 1915 and liquid chlorine 11 | 
cents per pound in 1916, and that hypochlorite in 1916 in place of | 
liquid chlorine would have cost as high as 15 cents per pound, it 
appears that the cost of hypochlorite would have been several 
times more than the cost of liquid chlorine in 1916. 
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i ae The experience with changing the point of applying the bleach 


was as follows: The sterilizing agent was applied above the filters 
when the plant was first started in 1913 and complaints of chlorine 

in the water were numerous. It was suggested that the chlorine 
might possibly combine with the organic matter in the unfiltered 
water in such a manner that after the water was filtered and de- — 
livered to the consumers heating the water in the pipes would cause 
this unstable product to decompose and produce an odor and taste. 
Therefore, the sterilizing agent was added below the filters in a con- 
trol chamber from which the water goes directly to the city or to © 
the clear water reservoir. There has been only one case of after- 
growth in the water following sterilization and that was in April, © 
1914, when the gelatin count in the water from the clear water _ 
reservoir ran up to several thousand per cubic centimeter but the 
agar count remained practically the same. 
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“THE TREASURY DEPARTME NT STANDARD FOR 
DRINKING ITS VALUE 


Shortly after the , promulgation of the Interstate Quarantine Regu- 
lations requiring interstate common carriers to furnish pure drink- he Pa 
ing water for passengers, it became necessary to establish a standard = 
as a basis upon which to formulate an opinion as to the safety of 
any given water. The Secretary of the Treasury in January, 1913, — 
appointed a committee of fifteen eminent bacteriologists and sani- _ 
tarians to recommend such a standard. After somewhat over a 
year’s study the committee made recommendations which were _ 
adopted by the Secretary and promulgated as part of the Quarantine 
Regulations on October 31, 1914. The committee was very ex- 
plicit in pointing out that the recommended standard was not a 
“standard of purity,’’ but was, on the contrary, a “standard of per- 
missible impurities.’’ Briefly, the standard requires that there shall 
be not more than 100 colonies per cubic centimeter which develop 
on agar incubated 24 hours at 37°C., and that there shall not be _ 
more than 2 B. coli per 100 cubic centimeters when the water is 
tested in accordance with the recommended procedure. ; 

This was the first attempt made in this country to establish a 
general standard for the bacterial content of drinking water, al-— 
though such standards have been in use in other countries for many 
years. Because of our peculiar governmental system, each state __ 
has been a law unto itself, and a water which would be considered of 
satisfactory quality in one state might fail to pass the requirements __ 
of an adjoining one. There is absolutely no question but that the 
establishment of the Treasury Department standard has been an * 
impelling force in improving the quality of public water supplies 
throughout the country. As far as the author knows, there is only 
one state, Minnesota, which before the promulgation of this standard 
required that a public water supply should be free from B. coli in as 


_ *Read before the Richmond Convention, May 9, 1917. 
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large a quantity as 50 cubic centimeters. Minnesota has required 
for some time that B. coli be absent in 100 cubic centimeters. 

The fact that the federal government requires railroads and other 
carriers to furnish passengers with a purer water than that required 
by most state boards of health has stimulated many localities to 
better the quality of their water supplies until they conform to the 
standard under discussion. It is now a common experience when 
visiting a city where periodic analyses are made of water from the 
public supply, to find the tests being performed strictly in accor- 
dance with the technic recommended by the commission, and it is 
pertinent to note that such cities take pride in stating that their 
water conforms to the Treasury Department standard. 

The commission formulating the standard had in mind that it was 
to be applied primarily to water taken directly from cars or vessels. 
Realizing that in such cases the water might have been stored for 
some time and that such storage would undoubtedly cause marked 
changes in the bacterial flora, they set the maximum permissible 
number of bacteria which would develop on agar at 37°C. at 100 per 
cubic centimeter. The commission stated that they would have 
considerably reduced this number if the standard was to be applied 
to water at its source. 

As regards bacteria of the bacillus coli group, however, they con- 
sidered that inasmuch as these bacteria do not multiply in water, 
but, on the other hand, die out rather rapidly, the permissible num- 
ber could be set within very definite limits. It has been this part of 
the standard, which requires that there shall be not morethan2B. 
coli per 100 cubic centimeters, that has received the most criticism. 
It is not believed, however, that this criticism has been well taken 
for reasons which will be enumerated. 

While the standard under discussion applies to lake and river 
carriers, as well as railroads, it is in the latter connection that it has 
a direct bearing on public water supplies since, in the majority of 
cases, these carriers obtain their drinking water from such sources. 
The question of drinking water on lake vessels has been previously 
discussed before this Association and will not be dwelt upon at this 
time. 

In order to ascertain whether it was feasible to utilize this standard 
in the manner presupposed by the commission, several hundred 
samples were collected from railroad cars within the Sanitary Dis- 
trict of the Great Lakes. At the time the samples were collected in- 
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formation was gathered regarding the point or points where the water 
was originally obtained, as well as the length of time that had elapsed 
since the coolers were filled. In few cases could information of any 
reliability be obtained. The analyses of the water also gave little 
of value, inasmuch as certain samples, supposedly from the same 
source of supply, taken on different days, gave widely divergent 
results. Moreover, in case a sample failed to meet the requirements 
of the standard, there was no way of knowing whether the impurities 
were present in the source of supply or were introduced in the process 
of filling the coolers. As a result of these analyses it was plainly 
evident that, in order to bring about any permanent and beneficial 
results from the enforcement of the standard, reliable and accurate 
data regarding the source of supply must be obtained. 

Inasmuch as this would require a sanitary survey of each source, 
and since analyses of shipped samples are not as reliable as those 
examined immediately after collection, it was deemed advisable to 
carry a laboratory into the field. A portable laboratory was there- 
fore devised and used for about two months. The results of the 
field work indicated that it was the proper method of handling the 
situation, but because of certain difficulties with the portable labora- 
tory, its use was discontinued and a laboratory car designed. This 
car, which was built by the Pullman Company, has now been on 
the road for about two months, and has demonstrated its usefulness 
in handling the problem. 

After having made some thirty sanitary surveys of water supplies 
used by railroads, it became more and more evident that such surveys 
were absolutely necessary to correlate the analyses, in order than an 
opinion could be formed as to the safety of any given water. In 
order to make the surveys mandatory the Interstate Quarantine 
Regulations were amended on February 12, 1917, so that they now 
require that the water shall not only conform to the bacteriologi- 
cal standard, but shall not be from a supply that is exposed to 
contamination. 

Formerly, if a sample of water taken from a source which was 
obviously contaminated, happened to contain not more than 2 B. 
coli per 100 cubic centimeters, the source of supply would have been 
approved. Under the present regulations, however, no matter 
what the bacteriological analysis indicates, the use of water from 
such a supply would not be permitted. 

The matter of enforcing these regulations in the Sanitary District 
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of the Great Lakes has been from the start carried on with the idea 
of not only benefiting directly the passengers on railroad trains 
but benefiting, indirectly, the much greater number of people using 
the same supplies in towns. When the sanitary survey and analysis 
show that a supply is contaminated or is exposed to contamination, 
a letter is prepared to the municipality or private water company, 
as the case may be, in which the conditions are outlined and sug- 
gestions made for betterments. In many cases these recommenda- 
tions have been adopted, usually because the municipalities are 
aware that unless corrective measures are adopted, the railroads 
will not be permitted to use the supply. 

To return to the question of the B. coli requirements of the standard; 
over one hundred investigations have been made of water sup- 
plies used by railroads in Illinois and Michigan. These supplies 
have been of all types, shallow wells, deep wells, and surface water, 
treated and untreated. The filtration plants, ranging in size from 
15,000,000 gallons per day to 1,000,000 gallons per day, all produced 
a water well within the bacteriological requirements. All the dis- 
infection plants, most of which used liquid chlorine, produced a satis- 
factory water. The only supplies failing to meet the standard were 
untreated supplies and a few ground water supplies. In everyone 
of the latter cases, however, the sanitary survey had shown some 
point of possible contamination. Only two supplies failed to meet 
the total count requirement, and in each of these instances the water 
had been stored in large reservoirs which had not been cleaned for 
a considerable period. The agar count, as a general] rule, was less 
than 10 per cubic centimeter. The fact that most of these analyses 
were made during the winter months undoubtedly had some influence 
on the low counts. These data are sufficient to convince the author 
that it is possible for any public water supply to meet the require- 
ments of the Treasury Department standard without undue expense. 

Several investigators have recently brought out data affecting 
the significance of the B. coli test by differentiating the organisms 
into fecal and non-fecal strains. Their observations, however, have 
not yet been generally accepted, and until they are and the tech- 
nique is standardized, the presence of any of the B. coli group in a 
water must be considered as evidence of contamination. If suffi- 
ciently intensive investigations are made of water supplies contain- 
ing B. coli, in practically every instance a possible entrance for the 


organisms will be discovered. 
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From the statements the can 

. The requirement of the standard regarding total count is very 

It could be reduced more ‘than half without eliminat- 

any but an extremely small percentage of supplies that would 
otherwise pass the requirements. 
2. The limit of permissible B. coli content is not too Jow. 7 


the standard requires. 
a water within the limits be as a 
protection and filtration should be adopted. An untreated ground ae 2 
supply containing more B. coli than the standard permits is being _ 
contaminated by outside sources which should be discovered and 
eliminated. 
3. Sanitary surveys of the sources of supply are absolutely e- 
sential to correlate the bacteriological analyses. | 
_ 4, The Treasury Department standard has been of immeasurable _ er 
value, not only by causing carriers to furnish a safe drinking water or 
for passengers, but more so by the establishment of ahigh criterion _ 


DISCUSSION 


Rosert Spurr Weston: The speaker is not entirely in accord 
with all provisions of this excellent paper, particularly those regard- é 
ing the establishment of a standard for waters based entirely upon a 
bacteriological tests. While a step in the right direction, it should — a : 
be taken more or less tentatively. a 
The a has had a number of cases in his practice _— ground ‘a 


the water to some of the B. tests. 
organisms that will respond to presumptive B. coli tests are not of | 
sewage origin and should not be called B. coli; and water contain-— 

ing such organisms should not be condemned. That is, the presence 

of such organisms in a water should not necessarily be an indication 

of bad quality. The Treasury Department ought to give a good 

deal more consideration to this fact than it seems to have done © 
heretofore, and not ns too rigid in its classification of bacteria. 
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Joun W. Atvorp: The introduction of a purity standard for 
water will undoubtedly have in general beneficial effects; everything 
will depend upon the good judgment with which these standards are 
enforced. Some water supplies undoubtedly will be done an in- 
justice; other localities that are careless and indifferent about their 
water supplies will undoubtedly have to think seriously about im- 
proving them. 

To illustrate the difficulty of this matter, the speaker would give 
an illustration. There are two large adjacent cities that take their 
water supply from the same source. One of them has had a great 
deal of typhoid recently, because the officials have been indifferent 
and to some extent careless about maintaining a high standard of 
purity for the water. However, because of the presence of typhoid, 
the Treasury Department refused to allow common carriers to take 
water from the public supply of that particular city. Not far away 
there is another large city which takes its water supply from the same 
source. B. coli have been found in half of the ordinary samples 
taken from the latter city, although its typhoid rate is remarkably 
low considering the amount of B. coli present in the samples from 
its supply. The Treasury Department has not demanded that the 
water from the latter city should be excluded from use by common 
carriers; so it is evident that there is some discretion being exercised 
even in view of the apparent rigidity of the standards. Undoubtedly 
this is a wise way of acting on the problem. But the public, not 
understanding the importance of surrounding conditions, cannot 
see why an absolute measure for purity is impracticable. Ee} ; 

F. W. Cappeten: At one of Minneapolis’ department stores, 
located in the Dayton Building, there was a large fire on February 17, 
1917. About a block away is the Glass-Block store, which is the 
city’s largest department store. After the fire had taken place in 
the Dayton store it was observed that the artesian well water supply 
in the Glass-Block store tasted smoky. The state board of health 
was notified at once, and upon investigation it found that the Glass- 
Block artesian well supply was polluted. The fact that the water 
there tasted of smoke was sufficient proof that there was some con- 
nection between that supply and the artesian well supply of the Day- 
ton store where the fire had occurred. The Glass-Block store has 
some 1500 employees, all of whom are using this water, which supply 
was supposed to come from sandrock formation 700 feet below the 
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surface, without and absolutely pure. Upon find- 
Ms a sing that it was polluted the supply was ordered cut off, and this | ‘ 


a —_— was complied with by the owner at once. The geological Bt 
- formation at Minneapolis is about 30 feet of glacial drift nearest 
the surface, then from 20 to 30 feet of limestone rock, and under 
the so-called St. Peter sandstone, which is 800 feet and upwards 7 
ie in depth, and in this latter lies the artesian well water basin from — bei 
_ which all of the artesian well supplies in Minneapolis are drawn. F ; 
| Generally a 12-inch casing is driven through the lime rock, and then  _ 
a smaller casing is driven inside that into the sandrock for a certain Re Bie 
distance. There is no seal between the two casings at all, so that a 
ch any polluted water that may pass through the fissures in ‘the lime ee 
_ rock will follow down around the upper casing and come up between a 
Rg, the two casings and pollute the supply. That happened in the case i 
cong of the Dayton supply and also at the Radisson Hotel, and the Glass- _ 
a Block store; the Radisson Hotel being the largest hotel in Minne- 
apolis. It is possible that the same trouble exists elsewhere in the © : 
city, as for instance in the West Hotel, where this Assocaition had ye é 
its convention headquarters when it last met in Minneapolis, but _ es 
this has not yet been investigated. All these places have the city _ ie 
supply cross-connected, and the city officials cannot tell when they < ; 
will get some of the bad water from the well systems into their system _ 2 
when the property owners cross-connect them without the city’s a 
knowledge. So the city has ordered all such connections cut off — pind 
absolutely, and will insist upon this being done wherever evidence pen 
is found that warrants such action. 
Epwarp Bartow: The author has some general in- 
stances where improvements have been made since the Treasury ie . 
Department regulations were published. It might be interesting — 
to note a specific case. In one of the Illinois water supplies the ~ a . 
count as found by the author was less than 10; but B. coli were — 
found to be present in quantities greater than 2 per 50 cubic centi- ee 
meters. Investigation showed that there was seepage into the | 
clear water well. The works included an iron removal plant. The as 
water was good at the well, but after iron removal and filtration was “ wa 


ment caused him to make a very samba examination, as the result Ae 
of which the trouble was corrected. 
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When the Treasury standards were first established many sani- 


tary specialists thought they were too severe; but it seems that with 


modern methods of filtration and sterilization, it will be entirely — 


possible to have the water supplied throughout the country conform 
to these standards. ran, 


Lewis I. Brrpsauu: A filtered water that is practically sterile — 
and entirely free from B. coli when it leaves the purification plant — 


may fail to meet the requirements of the Treasury Department at 


the point of delivery to interstate carriers. Systematic flushing a 
of the distribution lines for a period of several years may be required — 


in order to entirely remove from the pipes the organic and inorganic 
material that has accumulated in them during the many years that 
unpurified water was pumped directly into the mains previous to 
the construction of the purification plant. 


Sterilization of the | 
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pipes is not possible until this material has been removed. There- _ 


fore until the pipe lines are clean it is impossible to deliver to the 


interstate carriers a water that will meet the Treasury Department’s _ 


standards, regardless of the purity of the filter plant effluent. 


Mayo Totman: Mr. Alvord spoke of using discretion in issuing 


certificates of purity. The speaker has found that it is essential to 


use a great deal of discretion in West Virginia for otherwise many | 


railroad water supplies that are in reality of excellent purity would | - 


be condemned. 


northern portion of the state. The result is that it usually takes 
from thirty-six to forty-two hours for samples collected in the southern 
portion of the state to reach the laboratory. While these samples 
may not show the presence of B. coli, the bacterial content commonly 
varies between 400 and 800, which is above the Treasury limit. In 


to be analyzed at hospital laboratories in the southern end of the 
state, sending check samples collected at the same time to the state 
hygienic laboratory at Morgantown. A comparison of the series 
of results thus obtained gave a fair idea of the increase that might 
be expected in the bacterial content due to the lapse of time during 
shipment. By deducting this probable increase from the analyses 
made at the state laboratory the speaker believes that a figure is 
obtained which comes much nearer representing the actual condi- 


order to aid the railroads the speaker caused a number of samples © 


The state hygienic laboratory is at Morgantown, — ie 
which is located on a branch railroad in practically the extreme — 


4 


7 
. 
a tion of the water as furnished by the railroad a 


There i is one aspect of the problem of that 
has not been touched upon and yet, in the speaker’s opinion, it is — a 
of great importance. It has frequently been his observation that ae 
the water as it comes to the railroad property may be of high purity — 
but the methods of handling are such that it may be seriously polluted 
before it reaches the water coolers. For example, at several stations 

of which he has knowledge, the water is supplied to the coolers through me 
a short length of hose that, when not in use, is allowed to lie between — 
the rails and the station platform, where hundreds of men expecto-_ 
rate. Again the water may become polluted after it enters the cooler. 
The speaker once saw a water cooler swabbed out with a piece of — 
waste that previously had been used as a towel by a couple ofengine 
wipers. If possible some form of control should be exercised over — 
the methods of handling railroad drinking waters. 


CuEsTER G. WiGLeEy: The State Department of Health of New y 
Jersey has taken over the work of examining water supplies of rail- 
roads, and some experiences it has had in the past several years in 
this work may be of interest. It was found after collecting several 
oe samples that it was absolutely necessary to collect samples of water 
aye from the source in order to get a measure of the quality of the water _ 
=: at its origin. That emphasizes the point brought out by Mr. Tolman. 
Shipping the samples to the laboratory has resulted in higher bac- 
teriological counts at 37°C., and it was found that the B. coli did not 
increase in the same manner. There is an objection to collecting _ 
samples at the source of supply because it eliminates a great many 
possibilities of pollution before the supply can be used upon the 
train. Possibly the standards of the Federal Health Service might 
take into consideration the place where the water is used. Cer-_ 
tainly it is not altogether proper that the water should be certified 
for use of interstate carriers solely on the quality of the supply at 
the source. It is often affected in some way or other before it is used 
on the train. There are regulations controlling the method of filling 
tanks and the icing of supplies, such as a requirement that the men 
icing tanks must wear rubber gloves; an examination of the water 
supplies used on the trains will show quite a different bacterial con- 
tent from the samples collected at the source of supply. 

Sanitary inspection of a water supply is usually made by some 
assistant at the — whose function it is | to examine the water, 
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and in the last analysis the sanitary inspection can only be that 
- man’s best judgment of the conditions. It is concluded in many 
cases that the bacterial count alone is not an absolute measure of 
_ safety of the particular water examined. The science of bacteriology 
has not at the present time reached the high plane by means of 
F which, after examining a water supply, it can be stated absolutely 
that the water will or will not cause disease. The standards pro- 
- mulgated by the Treasury Department are no longer standards; 
they offer simply a procedure by which to measure certain factors 

: ame in the water supply, and it is absolutely essential to use one’s best 
oP Bx judgment in certifying the water. It is not always possible to base 
"es estimates upon a particular sample collected for certification, but 
i . consideration must be given to past records and analyses and the 

past history of the particular supply being examined. The provision 
of the regulations which requires that certification should be made 
aa only once every six months is a weak one, inasmuch as it is entirely 
= possible to collect samples of certain waters at certain periods or — 
times which would show a satisfactory bacterial analysis that would | 
make it possible to certify the water for use on railroads, and yet, 
_ at the same time, may be no indication whatever of the worst condi- — 
tion of that water supply which it is liable to pass through, pendbly 
_many times, before the six months’ period has elapsed. Of course 

it is realized that this matter is not yet entirely upon a definite basis, — — “S 
the speaker suggests these things, not for the purpose of criticism 
but in order that an effort will be made to put the certification of 
water supplies for interstate traffic on a higher plane in thefuture _ 


by an accumulation of data from the different departments and 
persons who are engaged in this work. = 


J. N. Cuestser: If the men engaged in icing tanks use their rubber 
gloves for other things, one would not have so much confidence in © Nan a 
them. The speaker saw, in one instance, a Pullman porter letting 
water run into one of the wash basins and sii it “ion the wash- aa 
basin up into the container. 


LeonarD Mercatr: The Mr. “Chester re- ve 
calls an experience without drinking cups after the rule was pro- | 
- mulgated prohibiting the common drinking cup on trains. In going — 
north from Denver, a short distance after leaving that city, a ae 


| 
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other persons did the same 
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greaser was noticed coming forward in the car to the water tome to 
get a drink. Finding no cup there he twisted his head around, swal- 
hae lowed the spigot and satisfied his thirst. In rapid succession three 

One could not help incon 
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FUNDING SANITARY IMPROVEMENTS AS A MEANS OF 
INC REASING WATER CONSUMPTION! 


By R. A. BuTLerR anp F. C. Jonpax 


When Moses, who appears to have been the first sanitarian of 
whom we have any authentic record, laid down a code for living 
and being clean, he fitted his laws to both the rich and the poor. 
He set out, as you will recall, very specific methods by which those 
persons who had become unclean could cleanse themselves. He 
specified no other germicide than fire and water, and he wrapped 
up the sanitary measures in a parcel of rites which might be compared 
to the red tape of contract laws of today. 

But Moses did one thing that the sanitary engineers of today are 
not doing. He recognized a distinct division between the poor and 
the rich, and he provided a way by which the unfortunate, without 
worldly goods, could comply with the laws he established as well as 
the rich could meet their requirements. Moses said that if the un- 
clean person was too poor to sacrifice a sheep or a goat on the altar 
as a part of the purging process, he might sacrifice a fowl. Just as 
in the present day, a sacrifice was necessary then to cleanliness. 
But unlike the present day, the sacrifice might be of two values, one 
for the rich and one for the poor. 

In this day, however, there are not two prices for the water service 
necessary to sanitary disposal of sewage. Nor is there any con- 
siderable deviation in the price of bath tubs and plumbing. Each 
demands financial sacrifice, easy for the rich and prohibitively 
difficult for the poor. What Moses did in the way of making clean 
the poorer class, has largely been forgotten by sanitary engineers of 
today, who, in their zeal to give the general public what they know to 
be the best for it, have overlooked the inability of the poorer classes 
to comply with the sacrifices therein prescribed. This inability of 
many to contribute to the sanitary progress of all, should not be 
confused with ignorance or lack of interest in proper sanitation. We 
may not agree that all persons would rather be clean than unclean, 


‘Read at the Richmond Convention, May 10, 1917. 


> 
4 
4 
we 
= we 
: 
@ 
ive 
iy 
- 
=) 
-@ 
i, 


R. A. BUTLER AND F. C. JORDAN 


but we must confess that every individual values his health, and the 
great majority value the health of the community as a whole. 

Were it possible to have proper sanitation in every community 
without interfering with the pocketbooks of the people, sanitation 
would be a simple problem. But those who have long been familiar 
with the difficulties that rich municipalities have in such necessary 
steps as sewage disposal or the procuring of potable water, know that 
there is always a strong fight waged against necessary measures 
because of the investments involved. Too often we are inclined to 
lose all patience with this opposition. We accredit it to ignorance 
or indifference, regard it as miserly and hope for the day of enlighten- 
ment when all property owners will be willing to expend the money 
necessary to produce proper sanitary conditions. 

If possible the engineer and the enlightened sanitary officer will 
ride roughshod over the financial opposition. He will regard the ex- 
penditure as a necessity and will rightly point tothe vast returns on 
money soinvested. This course may be well enough when a munici- 
pality pays the freight and the pro rata cost is so small that it in- 
volves no great sacrifice. But its repetition only meets with oppo- 
sition of a more forceful character until the times comes, as it has 
in more than one city, when the money necessary for these improve- 
ments is not forthcoming and the improvements become impossible. 

Opposition to public health measures is generally analyzed as due 
to ignorance. Perhaps it generally is. But there is a point where 
the public debt becomes a private hardship and one has only to hunt 
up the owner of a lot with a big sewer assessment against it to find a 
man who has been called on in the interest of cleanliness to sacrifice 
a sheep when his financial condition justifies the sacrifice of a fowl 
only. This situation becomes all the more common when the ques- 
tion involved is one of individual sanitation rather than municipal 
or community sanitation. 

In every community in Indiana there are hundreds of citizens 
who would thoroughly appreciate the advantages of sanitary closets, 
but who are still tolerating open vaults on their premises. Bath tubs 
are luxuries they forego, not through lack of desire, but through 
necessity. These people by no means constitute all those who are 
living in unclean surroundings, but they form a class so large that 
their conversion to sanitary living would be a step toward community 
health which would almost solve the problem of the sanitary engineer 
and reduce opposition to a comparatively negligible quantity. Those 
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ce are the people whom Moses declared could sacrifice a fowl instead of a 


sheep. They are willing to sacrifice a fowl on the altar of health, but 
they have no sheep and the rigid law of the sanitary sacrifice is a 
sheep or no sacrifice. 

Providing a sacrifice which is within their ability is the coming 
big problem of proper sanitation. It is a problem that has long been 
neglected, ignored, and little understood by the engineers and others 
who have, in spite of all opposition, forced their communities to 
healthy surroundings. Progress has been made in other fields that 
should be applied in the sanitary field. Distributors of luxury have 
evolved methods of coérdinating the financial problem with their 
merchandise. Sellers of service have found ways by which the 
poorer purchaser could be accommodated as well as the rich, com- 
forts have been brought within the reach of the small pocket-book 
as well as the large. 

Today you may buy an automobile on a partial payment plan, that 
brings its luxury within reach of the moderately well-to-do. You 
may enjoy the benefits of electric lights and power, and pay for 
your equipment while you enjoy it. Gas is brought into your kitchen 
and a range sold to you on terms that you can meet out of a very 
small income. But you cannot have a sanitary toilet in your home 
until you have scraped together the cash with which to satisfy the 
plumber and the sewer digger. 

Experience has taught the engineers and managers of water utilities 
that it is neither profitable nor practicable to develop large consumers 
of water at low rates faster than smaller consumers at higher rates. 
There is a certain point, varying with each utility, where it means 
a sacrifice of profits to deliver water in large quantities at a low rate. 
The proportion of manufacturing consumer; using large amounts 
of water daily must be coérdinated with the proportion of smaller 
consumers, who, by reason of the smaller amounts of water con- 
sumed, pay higher rates for their service. If their vital relationship 
is overlooked, the water utility will find itself with an enormous 
pumpage at a very slight profit, or no profit, wiping out the lucrative 
income from the smaller consumer by its efforts to meet the demands 
of the larger consumer. With this distinction, we are not now con- 
cerned further than to recognize its existence and suggest it as essen- 
tial to water works sales promotion propaganda. 

There are many methods of developing the larger water con- 
sumers. There is little or no problem of finance worrying the large 
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consumer. Whenever the utility can convince the large consumer 
that its service is more economical than his private water system, 
the large consumer will enroll among its patrons. Whether or not 
this is desirable business is left to the management of each utility 
to ascertain, in accordance with the peculiar conditions that exist 
in the utility’s business. 

Increasing the number of consumers of smaller amounts of water 
is the problem that confronts the water utilities of the United States 
today in their efforts to operate at a profit under rates that are 
generally fixed by regulatory bodies, often without the consent or 
approval of the utility. Analysis of the problem of obtaining this 
increased business generally reveals the lack of financial ability ot the 
prospective consumer to make improvements as the greatest diffi- 
culty to be overcome. It is this lack of financial ability that must 
now be overcome. 

Personal investigation of the territory reached by the water lines 
and the sanitary sewers, even when made perfunctorily, cannot fail 
to disclose financial inability as the main reason for the failure of 
these abutting property owners to connect their property with water 
service and sewers. 

Investigation in Indianapolis revealed that the water utility was 
serving about 70 per cent of the number of homes and small business 
properties. Of the 30 per cent that lacked sanitary conveniences, 
fully two-thirds were within easy access of water lines and sewers, 
while the other third, or 10 per cent of the total, lacked either sewers 
or water mains, or both. This percentage, will, of course, vary in 
other cities, but as a broad and general rule, it seems possible of 
application. Engineering Record, March 3, 1917, page 365, says 
‘“. . . this 30 per cent figure holds good as an average through- 
out the state (Indiana) according to investigations of both the State 
Board of Health and the U. S. Public Health Service.” 

Thus, it will be seen that sanitary engineers and public health 
officers, bent on advancing sanitation, have in many instances 
completed surveys that may be used as fundamentals on which to 
base surveys for the new business plans of the water utility. Asa 
rule, however, these surveys of engineers and health officers are 
open to one vital criticism. They have generally, erroneously, ac- 
cepted the theory that lack of sanitary improvements was due to 
indifference to private and public health. On this theory they have 
insisted that only stringent laws and building codes would bring 
about proper sanitation. 
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‘The theory has been challenged. Investigation has done much 
to upset the popular belief and it is now set forth as a general rule 
that property with inadequate sanitary facilities is in nearly every 
instance owned by individuals who have nothing else or are so in- 
cumbered by the burden of land ownership that they are unable to 
make these improvements. 

Hundreds of instances have been found where property owners 
were not only willing but anxious to provide either themselves or 
their tenants with sanitary conveniences. They have been pre- 
vented heretofore from making these improvements by heavy mort- 
gages on their holdings, or the necessity of using the income from the 
property to defray the interest charges, expense~ of living, or to 
meet the payments on other property which they were seeking to 
acquire. While they might realize that their income would be in- 
creased with the installation of sanitary conveniences they were 
unable to increase their incomes because of their inability to raise 
the cash necessary to install these conveniences. 

Careful study of surveys made by health officers reveals in many 
instances a mistaken conception of the attitude of property owners 
toward sanitation. It is neither indifference nor prejudice that pre- 
vents the installation of bath tubs. It is sheer inability to get to- 
gether at one time the money necessary to pay cash for plumbing, 
cash for fixtures, cash for sewering, and cash in advance for water 
service. These prospective water users are good credit risks. They 
have shown their thrift in the purchase of their properties and they 
are able to qualify by the moral standard that financiers now say 
they consider most thoroughly in making loans. Yet no one has 
gone into the business of making it easy for them to care for their 
health. No one has offered to them the advantages now offered to 
the men of moderate means who would own a touring car. The op- 
portunities of financing modern sanitary necessities have long been 
neglected. 

The little home with its well water supply, its lack of sewers and 
its open vault must give way to water service, sanitary sewers, and 
sanitary closets. Some way must be found to finance these improve- 
ments without throwing too great a burden on these owners. Have 
not the distributors of automobiles pointed the way for the distribu- 
tion of sanitation? 

Today, if you wish, you may go to any auto dealer and purchase 
an auto by the payment in cash of half or less of the list price. A 
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funding company will supply the rest of the purchase price and so 
arrange the deferred payments that you may make one a month for 
a reasonable period. The auto is delivered to you under a lease and 
the title remains with the funding company until the last payment 
is made. Insurance, interest, and brokerage make this an attractive 
investment from the standpoint of the funding company, and the 
everlasting longing of the American purchaser for more luxury is 
the incentive that makes the business possible. Why not apply the 
same principle to sanitation? Why not make it possible for the man 
who owns a small property to have sanitary plumbing installed in 
his home and the cost thereof extended over a reasonable period? 

Electric light companies are wiring homes for electricity on this 
theory. Gas companies are installing ranges on payments. They 
have the sales and the collection systems already in operation, and 
the addition of appliance accounts is simple and involves little cost. 
The manager of the People’s Gas Company of Chicago recently 
asserted that one of the greatest agencies in the development of the 
gas manufacturer’s field today was the partial payment plan of 
selling appliances. His company has carried more than 600,000 
of these partial payment accounts on its books. 

This same method of financing can and will be applied to water 
service and modern sanitary improvements in the near future. Itisa 
problem that confronts water companies all over the country and it 
is a solution that means more service on their mains, the use of more 
water and the improvment of the health of whole communities. 
Whether or not water companies or municipally owned water works 
systems embark in the plumbing business directly or indirectly is a 
matter of small moment, and local conditions. 

But even for the water utility that is restricted as to business by 
its charter or its ownership, there is no great difficulty in the partial 
payment plan. The automobile distributor has pointed out the 
way and the way is easy to adapt. 

For example, in Indianapolis there is an outlet from the mains of the 
water company for every 7.5 persons in the city. The average size 
of a family is five. It follows that the business of the company is 334 
per cent less than it might be. This one-third represents the field of 
prospects, and any merchandising expert will say that one-third 
of the whole of a city’s population is a desirable field to cultivate. 

With one-third the city as the field, there is necessary to the de- 
velopment of business, capital sufficient to equip the possible user 
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of water for its enjoyment. The installation desired in the class of 
homes in the city that now have no water service has been estimated 
at a physical cost of from $100 to $250, according to size and loca- 
tion. Taking the lowest figures as a basis, interest at 6 per cent for 
two years and a brokerage charge of 6 per cent could be added, and the 
installation made at a partial payment cost of $4.92 a month for 
twenty-four months. To this should be added the cost of water, 
not exceeding $1.00 a month, making in all a charge against the 
property of $5.92 a month, or approximately 19.7 cents per day. 

This should prove a fairly attractive proposition for the man with 
a small property whose concern is a safe water supply such as is 
furnished by water utilities. Other advantages such as baths, and 
toilets, will follow quickly on the heels of the first installations and 
their costs will be relatively small. 

Brokerage charges should be no greater for the large installation 
than the small, if based on cost, but policy might dictate a sliding 
scale in order that first costs of installation be reduced. 

The organization of a funding company with capacity to handle 
this business should not be difficult. Capital would, of course, de- 
mand an ample margin of security, but it is the opinion of legal au- 
thorities that this security could easily be provided. 

Two methods have been suggested for the protection of the capital 
necessary to make a home sanitary. Indiana laws provide for a 
lien against property so improved to protect the capitalist who 
makes the improvement. The process, however, is not without 
its troublesome delays and risks, and unfortunately, it is possible for 
more than one lien to be filed against a property, thus making neces- 
sary at times the satisfaction of all liens in order to satisfy one. 

A more applicable plan is the leasing of such fixtures as enter into 
the house to be improved. The cost of the fixtures in a modern home 
is not the major item of expense, but the fixtures are the necessary 
item to the enjoyment of sanitation. It is urged by plumbers and 
others, that no property owner who has once had plumbing fixtures 
installed, can afford to have them removed from a house. The re- 
moval is attended by such wreckage that the property would de- 
preciate in value to a point far in excess of the cost of the fixtures 
and the labor necessary to sanitary plumbing. It is argued that an 
owner who has profited by better rentals or greater conveniences, 
would exhaust every resource rather than suffer the removal of 
plumbing fixtures which have only recently been installed. Conse- 


: 
— 
ios 
~ 
(dar 
~ 


quently, those who have investigated the credit problem maintain 
that a lease drawn to cover the fixtures installed in the house and 
affording legal right to enter and remove these fixtures in event of 
non-compliance with the terms of the lease, would in practically 
all instances be sufficient protection for capital, no matter how timid 
it might be. 

It is also argued that the funding company would deal only with 
that class of persons who have demonstrated their thriftiness and 
integrity in the acquisition of property, and the moral risk would 
be of the highest class. However, it is to be presumed that some 
lessees would fail in performance and then, with a proper lease, the 
funding company would be in a position to take a lien on the labor 
done, or to remove the fixtures if it were deemed advisable. 

Organization and operation of the funding company is possible 
at a very small overhead cost. The amount of capital actually 
necessary is dependent on the size of the field, but a consideration not 
to be overlooked is the fact that each month brings part of the capital 
back for re-investment and with each monthly payment the indi- 
vidual account becomes more secure. 

Operating expenses of the funding company would consist of 
three branches, promotion of business, investigation of risks, and 
collection. The expenditure necessary for the promotion of business 
will depend on the method of operation finally adopted. 

Investigation shows the great cost involved in installations such 
as are under construction is not the plumbing, but the sanitary sewer, 
the very thing that sanitation demands. This cost is not one of 
material but of labor, and probably no one plumber has any ad- 
vantage over another in doing it. Plumbing is largely a matter of 
labor and in most communities is so restricted by ordinance that it 
must be made standard. Fixtures furnish the greatest opportunity 
for cost reduction by purchase in bulk, but there are other advantages 
to be considered in determining whether a funding company should 
work in conjunction with all local plumbers or take over plumbing 
as a part of its business. 

In the automobile business it has been found more desirable to 
have the funding company separate from the sales agency, in name 
at least. Perhaps this would be more advisable in sanitary funding. 
Certain it is, that if the funding company were holding out to each 
plumber an opportunity to do work and collect his money immediate- 
ly, even though the employer is not in a position to pay him cash, 
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salesman and the cost of sales would be greatly reduced for the 
funding company. 

A desirable situation seems to involve the organization of a com- 
pany with sufficient capital or financial backing to be able to say to 
the property owner, “Hire any plumber you choose and select any 
fixtures you desire. We will pay the entire cost and give you two 
years in which to repay us.” 

Then, with the plumbers of a city the enthusiastic boosters of the 
funding company, the examination of the risks is the next important 
operating detail. It has been estimated that this work can be 
accomplished at a minimum fee of five dollars a risk. The burden 
of showing title to the property is to be thrown on the applicant for 
a contract, and extensive investigation is not necessary. The up- 
to-date manager would be capable of judging the advisability of the 
contract and a single inspection of the property should be sufficient 
to satisfy him. The time element is not important and his work 
could be so distributed as to make it least expensive. 

For convenience of collection the water rental and the partial pay- 
ments should be payable at the same place, the lessee being billed 
for the total and the utility holding the funding company responsible 
for the water rental. A simple card system of bookkeeping anda 
stenographer supplied with suitable letter forms for prodding the de- 
linquents should accomplish the collections without great expense. 

Whenever it is possible for the small property owner to improve 
his property without shouldering a hardship in the form of a big 
initial expenditure, it will be easier to insist on sanitary improve- 
ments. The greatest argument against the condemnation of open 
vaults and unsafe wells will disappear. Laws designed to wipe out 
those breeders of disease will not be assailable on the grounds that 
they are confiscatory. 

More widespread sanitary conditions mean increased use of water 
service. Without water service of the kind furnished by public 
utilities modern sanitation in a city is dependent on expensive pri- 
vate water installation. The extent to which sanitary conditions 
are obtained measures the extent of water service. The increase of 
one is invariably the increase of the other. For that well established 
reason, the object of this plan for increasing the number of water con- 
sumers along the lines of the utility is reached by the promotion of 
better sanitation, through the method of inducing the application of 
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water service to localities that are without water service and hence 
without sanitary methods of handling sewage. 

There is no greater appeal to man than a plea for the preservation 
of his own health and that of his family.. Nothing is more likely to 
prompt quick action that the forceful presentation of the dangers 
to health and life of unsanitary conditions. Fundamentally we all 
like to be clean. We appreciate and enjoy sanitary surroundings. 
We envy the convenience of sanitary bath-rooms and closets, and 
it is no exaggeration to say that if those of us who have these con- 
veniences were suddenly confronted with the necessity of giving up 
electric lights, gas, or water service, we would in nearly every in- 
stance sacrifice the other two conveniences before we would sacrifice 
the safety and convenience of water service. 

Building restrictions alone are not responsible for the fact that 
nearly every home erected in this age is fitted for sanitary sewers 
and water service. Back of the code is public sentiment demanding 
these conveniences as measures of health and safety. Why, then 
are they not universally used? 

The answer is purely one of finances. Nothing is harder to obtain 
in the average city than sanitary plumbing and water service. No 
public convenience is harder for the little home-builder to obtain 
than water service. It is for the purpose of making it easy to obtain 
sanitary conditions in the home that the data herewith presented 
have been compiled. When the purchase of the equipment neces- 
sary to enjoy water service is made easier water service will be pur- 
chased by many more people than can now afford it; water utilities 
will profit by increased business, and the general health of the whole 
community will be bettered. 

DISCUSSION 


J. N. Cuester: If the authors’ idea can be practically worked out 
it will be a good thing. But there will be expense beyond what they 
have estimated, because there will be some bookkeeping and some 
inspection. Besides that, in many cities there are ordinances that 
prevent taking fixtures out after they are once put in; in other words, 
you cannot nail a thing to a house and then tear it down again. 
You cannot touch any of the piping in that house, especially if there 
is a mortgage on the house. That comes under the mortgage. So 
the speaker fears that some local difficulties would intervene in 
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many cities; but he hopes this is not so, and that the plan can be 
consistently carried out everywhere. In many places it will be a 
boon if it can be carried out. 

The speaker has had some experience with a number of health 
departments, especially in southern plants. When yellow fever was 
prevalent at Shreveport, La., they had an ordinance that everybody 
within 250 feet of a sewer and water main must connect with them. 
There are similar ordinances in a number of other cities. Jefferson 
City, Mo., has such an ordinance, and still, within the limits of 
Jefferson City today there are 500 houses in a place with a popula- 
tion of 13,000 which are not connected. 


J. Water AcKERMAN: In Auburn, N. Y., a few years ago they 
tried out a system of helping needy people build sidewalks by hav- 
ing the city do the work, and the contractor was paid by a bond 
issue for which the credit of the city was pledged, the property- 
owner paying it in ten yearly instalments as part of his taxes. That 
resulted so satisfactorily that this other plan the authors have men- 
tioned has been taken up and an arrangement made whereby a man 
can have his plumbing put in by a plumber, the plumber is paid by 
the city, and bonds issued for that and then the proper amount is 
taxed on the property and is paid in ten yearly instalments. my fc 


Witu1aM Luscomse: Notwithstanding the fact that, upon demand 
by the occupant of any property adjacent to any main of the Gary 
Heat, Light & Water Company, it stands ready at any time to tap 
its main and extend a service pipe to the property line at its own ex- 
pense, it has experienced great difficulty in interesting many parties, 
due to what is openly charged by the property owner to be extor- 
tionate and unreasonably high prices of the plumbers. If some 
plan like that mentioned by the authors is feasible, whereby the 
water company or holding company makes installations and the 
property owner pays for them on the instalment plan, it will greatly 
increase the water company’s business as well as improve the sani- 
tary conditions. It is a common thing in Gary for plumbers to 
charge about $400 to $450 for a complement of fixtures and their 
installation. In many instances that seems prohibitive, because 
it is difficult for the property owner to get together that much cash 
for that purpose. 

In order to improve the sanitary conditions, the city now expects 
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to pass an on — it will be compulsory for a person who 
requests a permit to erect a building adjacent to an alley or street 
where water mains and sewer pipes are laid, to agree to install a 
sanitary water closet, otherwise no permit will be issued. 


M. N. Baker: Approaching this problem from a little different 
viewpoint may perhaps be helpful, such as the viewpoint of health, 
as the argument has the greatest force from that direction. If the 
city is properly administered a large part of this difficulty will dis- 
appear. If there are proper city ordinances and a competent health 
department to enforce them, the city will see that every house is 
supplied with pure water. If a well is polluted the city will see that 
it is closed and a pure water supply substituted. In the same way the 
city will see that if there is a sewer in the street the house must be 
connected with the sewer and the privy vault and cesspool abandoned. 

The speaker is discussing this subject from twenty years’ ex- 
perience with a loca] board of health, where exactly that scheme was 
worked. He knows that it can be done, and the cases where finan- 
cial aid is necessary can be reduced to very few. In talking the 
matter over in that board of health it was felt that there should be 
some fund available, like a revolving fund, that the municipality 
itself might provide. In some cases a private organization or indi- 
viduals might provide means whereby a few difficult cases could be 
handled. There are many cities where, for one reason or another, 
the public health administration is not up to the standard, but where 
things can be carried through in the way outlined, as was done in 
Montclair, N. J., there is no difficulty. 

If the municipality is warranted in providing sidewalks, street 
pavements and other improvements on the instalment plan, certainly 
as a matter of municipal expediency it should also see that people 
who are unable to pay out of hand shall nevertheless be provided 
with pure water and all necessary sanitary conveniences. It is 
necessary to bear in mind, however, what is and what is not essential 
to the public health and be governed accordingly. 

If these needs have to be financed in some way, it would be better 
for the water company to do it than to introduce a second or inter- 
mediate agency, that is out for all the money it can make. Any one 
who has tried to induce people to make water or sewer connections 
against their wishes knows that one of their most troublesome argu- 
ments is that they are being forced to act for the private profit of 
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some one else. Under municipal ownership, all that disappears. 
Therefore, the matter should be looked at primarily from the view- 
points of public health and of duty to the city. If that be impossible 
owing to peculiar local conditions or city backwardness, then of 
course some other scheme should be brought forward. The water 
company, if there is one, rather than a bonding company, might far 
better undertake it. A bonding company may be the last resort if 
there is no other way of achieving the desired end. 


M. L. WorrE.L: In the city of Meridian, Miss., the almost ideal 
conditions mentioned by Mr. Baker prevail. When a community 
or locality is so built up as to make a sanitary sewer necessary it is 
promptly laid. Should the authorities fail to lay it without a petition, 
it will be laid on the petition of just one owner, or the city can be 
compelled by somebody who owns realty affected yet does not live 
there, to lay it. Then when the city lays the sanitary sewer it be- 
comes necessary for the water department to parallel it with a water 
main. If any property owner along that line of sewer fails to con- 
nect his property with the sewer, the city does it by contract with 
plumbers, and he may pay for it spot cash when the work is done, 
or pay for it in annual instalments as a tax levy. That 150-foot 
law prevails down there, and it is unlikely there are any houses 
within reachable distance of sewers that are not now connected. 
The city even installs water closets under certain conditions. = = 


C. D. Brown: This question comes down to this point, that if 
you are going to undertake to put a bath and closet in a man’s house, 
you may eventually have to build the whole house for him. It will 
be better for water works companies to do one thing and do it well, 
to furnish a good quality of water at a low rate, and carry out the 
idea of efficiency in water works operation, rather than enter into 
the sanitary arrangements of house construction, which is a matter 
which should rest entirely with the Board of Health. In Walker- 
ville, Ont., there is not one house that is not supplied with city water, 
and every house is furnished with sanitary arrangements. The 
Board of Health attends to that, 

A. F. Kirstein: During the first year the speaker was connected 
with the Water Department of Rahway an application was made for 
an extension into some outlying territory. The agent persuaded 
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the Water B there would be fifty put in within two 
years. That was eight years ago and there are seven houses there 
now. Since then the board has had several other companies making» “e 
similar requests, and it has adopted the following arrangements: — 
The size of the pipe is decided by the Board. The land company — 
pays the entire cost of laying the pipe. The Board collects allthe — 
water bills and refunds to the land companies semi-annually the | “4 
amount collected until they get their money back; but in no case will 
the Board allow that arrangement to run over seven years; whatever 
is not collected in seven years the companies lose. 


W. 8S. Parron: There is another question somewhat akin to the 
‘one under discussion. For instance, a land company is laying out a 
‘subdivision outside the corporate limits of the city and some little __ 
distance from the water mains and it wishes water piped to its sub- 
division for residence use only and at as small expense as possible. 
As it wants the water for the purpose of facilitating the sale of lots, 
it would not be willing to stand the expense or pay the interest on a 
6-inch cast iron main, therefore it generally asks for a 2-inch wrought 
iron pipe to be laid to its place and may be one or two streets piped. 
This is temporary construction. If the proposition is a success, 
the land is generally taken into the corporate limits of the city and 
water mains and fire hydrants are ordered in by the city. This 
necessitates the digging up of the wrought iron pipe or abandoning 
it, and either way it is a loss if the water company has borne the ex- 
pense of putting it in. What is the fairest arrangement that can 
be made between the land company and the water company? Should 
the water company bear the entire expense of the first construction _ 
work or should the land company bear this? Or should each of them 
bear half of the expense? Or should the water company stand any 
of the expense? Since the pipe line is laid for the purpose of develop- _ 
ing the property and since the pipe so Jaid will have to be abandoned © 
after the property is developed should not the land company be re- | 
quired to supply the capital to construct the pipe lines and the water — ape A 
company be the owner? ‘eee 
The speaker’s companies have made a number of extensions of | 
this kind for the purpose of enabling land companies to develop their 
propositions, using 2-inch pipe and smaller sizes. The land com- 
panies have been required to supply the capital for the construction — 
-and the water companies have turned over to them the water rents — 
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mre, received from their subdivisions until the entire amount has been 
repaid. This hardly seems a square deal for the water companies 
oe because by the time the receipts from the water rents have paid for - 
the investment, the city has ordered fire hydrants and cast iron mains 
laid in the streets. 


Frank C. Krmpatt: There is one point in the paper that has been 
overlooked to some extent. Considering that the scheme is one to 
load up water mains and get business, and looking at it from that 
point of view particularly in the interest of the private companies, 
although applicable to a municipal plant as well, the department 

or company should be willing for the purpose of obtaining that addi- 
tional business, which it would not otherwise perhaps get, to incur 

some risk of loss ‘on the investment of the additional] money in these 
connections and fixtures. It has beeen suggested that the moral risk 
in a transaction of this kind is small, that people want water and 
ae ie they want these fixtures after they become wenger to them; 


enforceable to the extent of taking out the fixtures if not paid for, 
still there are very few people after all, especially amongst those who 
live in their own houses, with whom there would be any difficulty 
along these lines. While under the suggested arrangement the parent 
ee _ company does not furnish the money, or if it does, perhaps, it is 
- done in the name of another company independent of it or of the 
_ Department, nevertheless it is back of the business and has to stand 
the risk. So that it is purely a business proposition, leaving out 
a rs all considerations of health. It is a scheme that would be, if properly 
worked out, well worth trying, the only risk worthy of consideration 
being bad bills, and these probably not amounting to anything as 
compared with the enhanced returns to be obtained. 
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PU ‘MPING IN THE METROPOLIT AN WATER DISTRIC T 
OF MASSACHUSETTS! 


The Metropolitan Water District of Massachusetts was estab- 
lished by an act of legislature in 1895. It includes the city of Boston 
and seventeen other neighboring cities and towns, and had an esti- 
mated population in 1916 of 1,190,220. The average daily con- 
sumption of water in the District for 1916, of which half was sup- 
plied by gravity, was 103,876,000 gallons or 87.3 per capita. 

The water supply is obtained from the old Boston reservoir No. 3 
on the Sudbury River, the Sudbury Reservoir (commenced by the 
City of Boston and completed by the Metropolitan Water Board), 
and from the Wachusett Reservoir, constructed by the Board on 
the South Branch of the Nashua River at Clinton. Lake Cochi- 
tuate, from which the first Jarge supply for Boston was obtained, 
and the old Boston reservoirs on the Sudbury River, except reservoir 
No. 3, are now held in reserve. 

Half of the water drawn from the Wachusett and Sudbury reser- 
voirs is brought to a point in Weston, through the Weston Aqueduct. 
It then flows through 60-inch and 48-inch cast-iron pipes and fur- 
nishes the gravity supply to the lower parts of the District. Spot 
Pond, in the extreme northerly part of the District, is connected with 
this pipe system and acts as a storage and compensating reservoir. 
The remainder of the water drawn from these reservoirs, together 
with the water from the old Boston reservoir No. 3, is conveyed by 
the Sudbury Aqueduct to Chestnut Hill Reservoir. All this water 
is pumped at the Chestnut Hill Pumping Stations. When water 
from Lake Cochituate is used, it comes to Chestnut Hill Reservoir 
through the Cochituate Aqueduct. 

On January 1, 1898, the City of Boston pumping stations came 
under the control of the Metropolitan Water Board, and the Mystic 
Pumping Station and several of the smaller stations in the District 
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were shut down. When the new Metropolitan pumping stations 
were completed, all of the small pumping plants were abandoned, 
and all the pumping for the District is now done at five stations by 
high-duty pumping engines instead of at seventeen widely separated 
stations by low-duty pumping machines of a type now obsolete. 

All the water delivered to the Chestnut Hill Reservoir is pumped 
at two pumping stations located on the southeasterly side of the 
reservoir. The older building, known as Chestnut Hill Pumping 
Siation No. 1, was built by the City of Boston in 1887. 

Chestnut Hill Pumping Station No. 1. The pumping plant con- 
sists of two 8,000,000-gallon Gaskill horizontal flywheel engines, 
built by the Holly Manufacturing Company in 1887; one 20,000,000- 
gallon vertical triple-expansion crank-and-fly wheel engine, with 
Riedler mechanically operated valves in the water end, designed 
by the late E. D. Leavitt and built by the Quintard Iron Works in 
1895; and one 30,000,000-gallon vertical triple-expansion crank- 
and-fly wheel engine, built by the E. P. Allis Company in 1898. 

The boiler plant consists of one Belpaire boiler, 90 inches in 
diameter and 34 feet long; two vertical Dean boilers, 98 inches in 
diameter and 24 feet long; and three horizontal tubular boilers 64 
inches in diameter and 18} feet long. There is also a 168-tube 
Sturtevant economizer. 

Only a comparatively small quantity of water is now pumped at 
this station, as most of the water for the supply of the higher por- 
tion of the southerly part of the District is pumped at Pumping 
Station No. 2 by the 40,000,000-gallon Holly pumping engine. 

Chestnut Hill Pumping Station No. 2. This station was built by 
the Metropolitan Water Board in 1900. The pumping plant con- 
sists of four vertical triple-expansion crank-and-fly wheel engines, 
all built by the Holly Manufacturing Company; three of these engines 
are of 35,000,000-gallon capacity each and were installed in 1900, 
and the fourth is of 40,000,000-gaJlon capacity and was erected in 
1911. 

The boiler room contains five boilers, all of the vertical fire tube 
type, designed by F. W. Dean. The three older boilers are 98 inches 
in diameter, 294 feet high over all, and each contains 384 2-inch tubes 
15 feet long. The other two boilers are 109 inches in diameter and 
293 feet high over all, and each contains 484 2-inch tubes 15 feet long. 

There are two 144-tube economizers, one a Sturtevant and the 
other a Green. 
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come in to it on a trestle about 15 feet high. An ash tunnel extends 

under the boilers, and the ashes are dumped through an opening 
— in the floor into a car in the tunnel. The loaded ash cars are raised 
to tracks outside the building leading to the dump, by means of a 
hydraulic elevator. 
The 40,000,000-gallon engine is used for supplying the southern 
_ high-service district and operates against an average head of 124.54 
_ feet. The three older engines pump water for the Jower parts of the 
district, including the low lying portion of the city of Boston. 
Owing to a large increase in the amount of water supplied by 
gravity, the pumping to this service has been much reduced and the 
pumps are now largely used to regulate the pressure in the mains by 
supplying water during periods of maximum draft and to raise the 
pressure during Jarge fires. 
_ The combined daily average high service pumping at both of the 
- Chestnut Hill Pumping Stations was 34,371,300 gallons in 1916; 
the average lift was 124.13 feet; the cost per million gallons pumped, 
based on pumping station expenses, was $3.0682. 

a The low-service pumping was done at Station No. 2 and amounted 
3 to a daily average of 33,875,000 gallons from January 1 to February 
- =f 7, 1916. On February 8 a Jarge main supplying water by gravity 
from the Weston Aqueduct was put in service, and the daily average 
_ pumping for the remainder of the year was 15,365,000 gallons. The 

average lift was also reduced from 41.51 feet to 33.70 feet. The 

. change, while reducing the total cost of water pumped about $4000 
raised the cost of pumping per million gallons to $4.14, or $1.80 

ai more than in 1915. 

‘The Spot Pond Pumping Station is situated on the shore of Spot 
a Pond. The engine room contains a Holly 20,000,000-gallon vertical 
___ triple-expansion crank-and-flywheel engine and a 10,000,000-gallon 
> vertical compound crank-and-flywheel engine designed by the late 

E. D. Leavitt and built by the Blake Manufacturing Company. 
This engine was erected at the Mystic Pumping Station of the City 
of Boston and was transferred to Spot Pond in 1899, after the Mystic 
‘Station was abandoned. 
The boiler room contains three Dean vertical internally fired fire 
; * a boilers 92 inches in diameter, 29 feet 4 inches long over all, 7 
a each containing 256 2} inch tubes 15 feet long. Pas 
_ A Green 144-tube economizer is used to heat the boiler feed water. - a é 


The coal house has a capacity of 1,000 tons, and the loaded cars — 
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The water is pumped from Spot Pond to the Fells and Bear Hill 
Reservoirs. From these reservoirs it is distributed to the higher 
portions of the northerly part of the District. The daily average 
quantity pumped in 1916 was 7,106,000 gallons, against an average 
lift of 129.06 feet. The cost of pumping was $5.8289 per million 
gallons. 

The northern extra high service pumping station is located in Arling- 
ton and pumps water from the low service system for the supply of 
the higher parts of the town of Arlington and for the entire supply 
of the town of Lexington. The pumping plant consists of one Allis- 
Chalmers cross-compound crank-and-flywheel engine and one Blake 
compound duplex engine used as a reserve pump. Both havea daily 
capacity of 1,500,000 gallons. 

There are two 54-inch horizontal tubular boilers in brick settings. 

The daily average pumping in 1916 was 797,000 gallons; the aver- 
age lift was 281.7 feet; and the cost per million gallons pumped was 
$36.42. This was partly due to extensive repairs to the Allis-Chal- 
mers engine and more extended use of the low duty Blake pump. 

The southern extra high service pumping station is located in the 
Hyde Park district of Boston, and pumps water from the southern 
high service mains for the supply of elevated territory in the southern 
part of the district. 

The station contains two 3,000,000-gallon cross-compound crank 
and flywheel engines built by the Laidlaw-Dunn-Gordon Company, 
and two 54-inch horizontal tubular boilers in brick settings. The 
daily average pumping in 1916 was 655,000 gallons; and the cost 
per million gallons pumped was $30.31. 

The five pumping stations are operated under the direction of the 
Superintendent of Pumping Stations, Arthur E. O’Neil, who re- 
ports to William E. Foss, Chief Engineer of Water Works. The men 
work in eight-hour shifts, and are allowed one day off in seven and a 
vacation with pay. 

Coal and lubricating oil are purchased under specification and are 
regularly tested at a laboratory at the main office of the Board in 
Boston. In addition to the laboratory tests of fuel, special boiler 
tests are made from time to time, especially when changes in the 
brand of coal used are contemplated. In this way much information 
regarding the actual working of the coal is obtained, which is not 
shown by the calorimeter or other laboratory tests. 

Synopsis of coal specifications. The coal] shall be of good quality, 
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free from dirt and excessive dust, a sample of which when dried at 
221°F., hereinafter called dry coal, will approximate the following 
standard of heat value and analysis: 


18 to 20 per cent 


Coal which when dry contains less than 14,300 B.t.u. per pound, 
more than 23 per cent of volatile matter, more than 9 per cent of ash, 
or 1.50 per cent of sulphur may, at the option of the chief engineer, 
be rejected, and if rejected shall be removed by and at the expense 
of the contractor. 

For each 50 B.t.u. or fraction thereof in the dry coal in excess of 
14,800 the price per ton shall be increased 1 cent, and for each 50 
B.t.u. or fraction thereof less than 14,700 the price per ton shall be 
decreased two cents. 

For each 3 of 1 per cent or fraction thereof of ash in the dry coal 
in excess of 8 per cent the price per ton shall be decreased one cent. 

When the analysis of the coal shows moisture in the coal as re- 
ceived in excess of 3 per cent, the amount of weight due to moisture 
in excess of 3 per cent shall be deducted from the total weight of the 
coal, and the net weight so determined shall be taken as the amount 
of coal to be paid for. 

Coal for the pumping stations has been purchased on the heat 
unit basis since 1908 the board having been one of the pioneers in 
adopting this method of buying coal. The specifications as outlined 
above have given general satisfaction and are fair to both dealer 
and consumer, which is an important point. Fuel suited to the 
type of boiler, as well as draft and load conditions, is obtained and 
~ any loss of efficiency due to a poor lot of coal is compensated by the 
reduction in price. 

Limiting the volatile matter is of considerable importance where 
_ vertical internally fired fire tube boilers are in use, as it is difficult 
to obtain complete combustion of a high volatile coal before the 
gases strike the heating surfaces of the boiler. 

The limitation of sulphur is desirable, as this element in combina- 
— tion with iron and other constituents of the ash is apt to form bad 
 ¢linkers, and also from the fact that the presence of two per cent or 
more of sulphur is in most cases a very good indication that the coal 
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is liable to spontaneous combustion. While it is wel] known that this 
action is due to absorption of oxygen by the coal, both sulphur and 
moisture seem to play an important part in starting the trouble, 
although some coals low in sulphur heat badly while others high in 
sulphur do not. 

Boiler-room management. As the greatest opportunity for economy 
is commonly found in the boiler room, particular attention is paid 
to this part of the plant. Care is taken to see that the method of 
firing and depth of coal on the grates is suited to the fuel and load, 
that the tubes and heating surfaces and other parts of the boiler 
are kept clean, and the boilers are washed out at regular in- 
tervals. Particular care is taken to keep the lower tube sheets of 
the vertical boilers free from scale to avoid overheating the tube 
ends. The brick settings of horizontal boilers require careful watch- 
ing to avoid infiltration of air through cracks or porous masonry. 

Recording steam gages have a considerable moral effect on the 
firemen, and in connection with log charts giving the hourly read- 
ings of instruments in the engine and fire rooms keep the superin- 
tendent informed of what goes on, in the plant during the entire 
twenty-four hours. 

An apparatus for the continous determination of CO, is installed 
at Pumping Station No. 2, but has not proved very satisfactory in 
operation as, owing to its delicate and complicated construction 
it is liable to get out of order and requires more expert attention than 
it is practicable to give. 

Leaks in steam pipe lines are promptly repaired, as it is astonish- 
ing how much loss may be caused by an apparently insignificant 
leak. 

There are four fuel economizers in service, but the conditions are 
not favorable for large savings owing to the steady load and large 
proportion of heat absorbed by the boiler heating surface, with con- 
sequent low flue temperature. The economizers do, however, act 
as settling reservoirs and to a limited extent as feed water purifiers, 
and as steam driven auxiliaries are scare in the Metropolitan stations 
they add some heat to the feed water, which would otherwise have 
to be obtained from live steam in order to comply with the state law, 
which requires boiler feed water to have a temperature of at least 
120°F. 

Careful attention to methods of firing, such as depth of fire, regu- 
lation of draft, working of fire, charging and spreading of coal, makes 
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for economy. As a general rule, charging small amounts of coal 
frequently and maintaining as thin a fire bed as practicable give 
the best results. Hand firing is the method employed, although 


_ stokers have been used and also forced draft with hand firing. There 


is considerable danger in using forced draft in internally fired fire 
tube boilers of getting a blow pipe or Bunsen burner effect, causing 

_ intense Jocal heating which results in burning the furnace sheets or 
crown sheets and tube ends. 

It has been found economical to burn a certain proportion of small 
anthracite coal, known as birdseye, mixed with bituminous coal. 
From 25 to 50 per cent of birdseye can be burned with advantage 
with natural draft, depending on the draft available, load conditions 
and depth of fuel bed and characteristics of the coal used in regard 
to coking and clinkering. A larger proportion of birdseye can be 
used economically by carrying a thin fire bed, taking care to avoid 
the formation of holes and working the fire as little as possible. If 
_ the air supply is obstructed by a thick fuel bed or formation of 
_ clinkers, imperfect combustion ensues. If the fire is sliced or shaken 
too much, a large proportion of the fine coal falls into the ash pit 
unburned. 

One advantage of using a considerable proportion of anthracite 
is that it greatly reduces the formation of smoke; another is that mix- 
ing it with a bituminous coal having an ash of low fusibility tends 
to prevent the formation of a layer of melted ash, which would cut 
off the air supply to the fuel bed. 
_ The boiler feed water is metered and in most cases it is necessary 
_ to use a hot water meter. Various makes of these instruments of the 
disc, piston or rotary type have been tried, but all are unsatisfactory 
as they rapidly lose accuracy and require constant repairs. A 

_ Venturi meter gives the best results, as there are no moving parts in 
the hot water, but the great cost of the registers makes them out 
of the question for most smal] plants. 

It has been found advantageous to use as small steam pipes as 
will allow of the proper admission of steam to the engine, and by the 
use of a large separator on the engine the size may be still further 
reduced. The advantages of a small pipe are low first cost of pipe, 
fittings and coverings, less radiating surface and consequent con- 


_ densation, quicker passage of steam from boiler to engine, and greater 


_ flexibility of bends which reduces the strains due to expansion and 
contraction. The small size pipe is particularly advantageous when 
_ the steam is superheated. 
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While no large economies are possible in the engine room, care 
is taken to see that the valves of the engines are properly set, that 
cylinders and bearings are properly lubricated, that both steam and 
water packings are in good shape, and that the rubber pump valves 
are kept in good condition, otherwise there would be an excessive 
amount of slip. It is found that with outside-packed water plungers 
the slip should not exceed 1.5 per cent. 

For packing single-acting water plungers, a packing made up in 
the form of a double wedge has been found satisfactory, as onthe 
discharge stroke the water pressure forces the wedges together and 
prevents leakage, while on the suction stroke the packing is com- 
paratively loose and causes but little friction. 

For packing steam piston rods, metallic packing is used and it 
wears for years without attention. 

Most of the air pumps and feed water pumps are direct connected 
to reciprocating parts of the main engines, and have the same length 
of stroke as the main plungers. This arrangement requires but 
little attention and has the same economy of operation as the main 
engine, but is not as flexible in operation as the independent steam 
driven pumps. The exhaust steam from the latter can be used to 
heat the feed water, giving a good over-all economy and saving the 
boilers from strains due to cold feed water. 

The action of the long stroke pumps sets up violent strains in the 
piping unless it is well protected by air chambers kept filled with air. 

Surface condensers are used exclusively. Some are of the so 
called water works type, where the exhaust steam passes through 
the tubes and all the water pumped passes through the shell, flowing 
over the outside of the tubes; while in others a portion of the water 
pumped is by-passed through the tubes and the steam is condensed 
on the outside of the tubes. As a rule, the water works type gives 
better satisfaction, as the circulating water is cooler owing to the 
larger volume, there is no trouble with by-pass devices, and the 
interior of the tubes is not clogged by any material carried by the 
water. 

Efficiencies. The table on the next page gives the results of duty 
trials of some of the pumping engines. 

The Arlington and Hyde Park engines are of the horizontal cross- 
compound crank-and-flywheel type; all others are vertical triple 
expansion crank and flywheel engines. The duties are based on 
plunger displacement, and where not otherwise noted on dry steam 
and coal. 
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DUTY-——-MILLION FOOT 


POUNDS PER 


LOCATION OF ENGINE 


Million 
B.T.U. 


Chestnut Hill Pumping | |20. 145.470 |150.045 
Station No. 1 { 178.497 |157.002 |173.869 
Chestnut Hill Pumping { |35.0* .68/157 .349 |140.533 |156.322 
Station No. 2 2.09/175.066 |155.547 |149.135 
Spot Pond Pumping Sta- 
.27|173.620 |156.592 |177.961 
Arlington Pumping Station} 1.50/290.3 |115.959T 90.025t 
Hyde Park Pumping Sta- 
tion, Engine No. 14 3 121 .022¢/111.880 |113.488t 


* Average of three 35,000,000 gallon engines tested together. 
t Moist steam. 
t Moist coal. 


shat In regular service the duties are computed weekly on the coal 

basis, and are therefore records of plant efficiency. It isfoundthat 
where the conditions are such that the engines can run at rated capac- 
ity on 24-hour service, the results compare favorably with those ob- 
tained at duty trials, but where the engines are not run continuously 

or operate below the rated capacity, or, as frequently happens, are 
subjected to both these handicaps, the duty is seriously affected and 
may be only from 50 to 75 per cent of the trial duty, depending on 
conditions. The engines at the small pumping stations and the 
low-service pumping engines are particularly subject to these unfav- 
orable conditions. 

The efficiency of the boiler plants is satisfactory. All the large 
boilers are of the internally fired fire tube type, and as the load is 
steady while the engines are running and the boilers have ample 
heating surface for the work, very little heat goes to waste. 

Carefully conducted boiler tests have shown that the Belpaire 
boiler has a combined efficiency of boiler, furnace and grate of 80.3 
per cent and the Dean vertical boilers of 80.4 per cent. The hori- 
zontal tubular type boilers have shown an efficiency of 74 per cent 
under not particularly favorable circumstances. 

In regular service the 109-inch Dean boilers gave for the year 1916 
an average evaporation from and at 212°F. of 12.3 pounds of water 
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ue pound of coal. The horizontal tubular boilers show from 9.5 to 
10 pounds evaporation. These figures have proved stumbling blocks 
to parties who have proposed to install their fuel saving devices and 
have guaranteed a 25 per cent saving of coal. 

The human element as represented by the pumping station force, 
particularly of the fire room division, is of the greatest importance. 
Unceasing vigilance on the part of the supervising authority, careful 
selection of the help and firm but considerate treatment of the men 
are necessary to get the best results. Many large corporations have 
adopted the policy of paying a bonus to the firemen, based on actual 
savings effected. This has in many cases effected a notable reduction 
in the fuel bill. This method, however, seems to be impracticable 
in state or municipal work. 
In conclusion, a word of caution may not be out of place. While __ 


economy is desirable, it is well to remember that in the pumping _ a 
service reliability is of paramount importance, and it does not seem rf . 


good policy to endanger it by attempting to make small savings in 
machinery, supplies or labor. 


DISCUSSION’ 


CARLETON E. Davis: Does the author buy oil on a specification 
covering flash point, viscosity and other similar factors? While 
specifications of this nature may be an aid, the speaker does not 
believe they are conclusive evidence as to the quality of the oil or 
its suitability for a particular purpose. As a matter of fact, he be- 
lieves most specifications are arrived at synthetically; that is, cer- 
tain trade oils furnished by particular concerns are tried out under 
actual conditions. If they give good results, the oils are analyzed 
to determine their quality. Future purchases may be made under 
a specification embodying the results of the analysis, but the speaker 
does not find that any guarantee can be made that an oil meeting the 
specification will produce results equal to those given by the original 
satisfactory oil. He has come to the conclusion that the most 
satisfactory way is to buy oil from a reputable dealer, who will ex- 
amine the conditions and guarantee that his oil will produce satis- 
faction under those conditions. 
Cuarues R. Henperson: A small operator does not have the 
organization to sample and analyze coal and oil and to do many of 
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the things mentioned i in the paper. Howev er, a iii deal of benefit 
can be derived from the study of the paper by small operators, es- 
pecially as to the keeping of records. While many of the records 
kept in large cities, perhaps, cannot be kept in a small plant, still 
it has been the speaker’s experience that the keeping of more records 
will pay a very large return. The installation of recording instru- 
ments is a good thing even though much attention may not be paid 
to them. Sometimes the very fact that the instruments are there 
and records are kept has a great deal of influence in a beneficial way 
upon the operation of the plant. While the engineer of a small 
pumping plant may be discouraged when reading such papers as 
this, applying more particularly to Jarge plants, thinking what a 
contrast there is between the operation of his plant and the larger 
ones, still he can get a great deal of benefit from such good contribu- 
tions to our proceedings. 


R. B. Howetu: It is true that when pickups are bought the fire- 
men are at a loss at times to know why they do not get uniform re- 
sults in their work. However, all of the coal used by the Omaha 
water department is now analyzed, and the department has a list 
of al] the coals that come into its territory and are likely to be offered. 
As a consequence, as soon as a man offers a consignment of coal, it is 
known at once about what its thermal value is, and purchase is made 
upon the basis of this knowledge. Therefore buying is not purely 
guess-work. The department has adopted a coal as a standard which 
comes from the Cherokee district in Kansas. These mines afford 
the best slack that comes into Omaha. Knowing the market value 
of this coal, it is easy to determine by referring to the list of relative 
values, whether the offer of any other coal is advantageous. 

The department has also made practical tests of all of the coal 
reaching Omaha, so that its knowledge is not confined merely to its 
thermal value, but also covers its actual value in pumping station 
use. The department has arrived at that point now where it feels 
justified, when anyone says he has a certain amount of coal on the 
track and wishes to know what saad meee will give for it, in 


J. N. Cuerster: The ability of the author to buy coal on specifi- 
cation certainly argues that the coal market is not overworked in 
his district as it is in western Pennsylvania, for there nothing can 
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be bought on specifications. Purchasers simply have to take what 
producers will give, and on any attempt by the purchaser to dictate 
the kind the producer merely advises the applicant to go somewhere 
else to get what he wishes as the producer can dispose of all his prod- 
uct in the regular way, whether it is coal or machinery. 

The speaker has had the same experience as Mr. Howell in buying 
pickups at St. Louis and Jefferson City, Mo., and while saving is 
occasionally made by pickups it is better to buy on specification and 
obtain what is desired. 

Mr. Henderson struck the right chord in what he said regarding 
the value of keeping records and about the operators of small plants 
obtaining valuable information by studying the methods in large 
stations, even though the methods cannot always be duplicated in 
small plants. But it reminds the speaker of his younger days when 
he stood gazing into a window of a confectionery shop with only a 
penny in his pocket and wished that he could buy all the good things 
displayed with his modest capital. 


ALFRED O. Doane: It is very true than an oil specification does 
not throw much light on the lubricating value of the oil. It is also 
true, as Mr. Davis said, that the label or selling agent has a great 
effect on the engineer. The author has known good oil to be con- 
demned by engineers as inferior simply because it was not the kind 
that they had been accustomed to use. The author does not claim 
that oil specifications are a cure for all oil troubles, but his experience 
has been that some sort of specification is better than nothing. As 
a matter of fact, a specification is built up synthetically, as Mr. 
Davis says, to a certain extent from experimentation and ascertain- 
ing what grade of oil, what viscosity, and what general characteris- 
tics of an oil give the best results. It seems to the author that it is 
considerably better to build up a specification in that way than to 
have no standard at all. The Metropolitan Water Board has had 
the same experience as Mr. Day, that there is a remarkable dif- 
ference in the price for the same oil depending upon whether it is 
bought by brand or by specification. The author is inclined to 
think that while oil specifications may not be ideal they at least give 
some good results. 

The oil specifications of the Metropolitan Water Board are as 
follows: 
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Engine oil. Engine oil shall be made of high grade mineral oil, derived 
from a crude oil having a paraffine base, without admixture of animal or 
vegetable oils, and shall possess satisfactory lubricating and wearing qualities. 

The oil shall be translucent, showing a medium red color by transmitted 
light, and shall be free from acid, lumps, tar and residue insoluble in gasoline. 

The oil shall contain no oil thickener, soap, gelatine or similar substance 
added to artificially increase the viscosity, and shall be carefully strained into 
clean barrels. 

The oil shall have a specific gravity at 60°F. between 28° and 31° Baumé, 
a flashing point not below 410°F., and a burning point not below 475°F. 

At a temperature of 70°F. the oil shall show a viscosity between 185 and 
205 seconds on the Tagliabue viscosimeter, and shall flow freely at a tem- 
perature of 20°F. 

Dark cylinder oil. Cylinder oil shall be made from a high grade dark 
cylinder oil stock, derived from a crude oil having a paraffine base, possess- 
ing satisfactory lubricating and wearing qualities. 

This stock shall be compounded with 5 per cent, by weight, of tallow con- 
taining as little free acid as possible, in such manner as to give a perfectly 
homogeneous mixture free from acid, lumps, tar and residue insoluble in 
gasoline. 

The oil shall contain no oil thickener, soap, gelatine or similar substance 
added to artificially increase the viscosity and shall be carefully strained into 
clean barrels. 

The oil shall have a specific gravity at 60°F. between 24° and 26° Baumé, 
a flashing point not below 525°F. and a burning point not below 600°F. 

At a temperature of 212°F. the oil shall show a viscosity between 140 and 
160 seconds on: the Tagliabue viscosimeter, and shall flow freely at a tem- 
perature of 60°F. 


It may be said that these specifications as to viscosity, besides 
being a measure of that particular property of the oil which is de- 
sired, have a very practical effect on the pumping station force. 
Formerly it was customary to obtain different lots of oil showing 
quite a range of viscosity, and considerable trouble was experienced 
in changing from one lot of oil to another. Now that trouble is 
eliminated. When bids for furnishing oil are requested, the specifica- 
tions furnish a standard for competitors by which to know definitely 
what is desired and they can all bid on the same basis. Specifica- 
tions will also aid very materially in securing a uniform product, 
which is a matter of considerable importance. 
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THE CLARKSBURG, WEST VIRGINIA, WATER BOARD’S 
NEW CHARTER! 


By Scorianp G. HIGHLAND 

In the author’s judgment every municipal water department 
should be conducted as a separate “administrative entity” and 
should be entirely separated from the general city government. 
Such a policy necessitates the conferring of broad and extensive 
powers upon the administrative body, such as are usually exercised 
by a private corporation engaged in supplying water for public uses. 
The city of Clarksburg, W. Va., has created an administrative board 
and submitted to its government the entire authority of construct- 
ing and operating the municipal water plant. The powers con- 
ferred upon this administrative board are briefly shown in the quo- 
tations from the charter appended to this article. 

The division of authority between the body administrating the 
water plant and the officers conducting the general city govern- 
ment has not proved workable and does not contribute to efficiency 
in either department. The business of supplying water when con- 
ducted by a municipality is first and always only a business and 
should be managed and conducted solely as a business, not for the 
purpose of obtaining the largest possible revenue but to attain the 
greatest possible efficiency and to supply, at a moderate charge, 
all public requirements. Being a business, questions of general 
public policy and civic improvement, ethical and moral] laws and 
regulations find no proper place in the operation of a water system. 
The persons chosen for constructing and operating a municipal water 
plant should always be chosen for their technical knowledge of the 
particular enterprise which is to be committed to their charge. 
Knowledge of the broader questions of municipal government in no 
way qualifies individuals with the technical knowledge to success- 
fully operate a water works system. 

An attempt to operate the water system as a distinct part or 
branch of a general scheme of municipal government, whether that 


1 Presented at the Richmond Convention, May 9, 1917. 
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government be conducted by a political body elected in the manner 
generally prevailing throughout the United States or by commis- 
sioners under some modification of the city management plan, will 
usually fail of achieving the efficiency which otherwise would be 
obtainable for the reason that general city officers or the officers 
conducting the general city government, are chosen from time to 
time upon issues involving questions of ethics and morality and the 
general policy of the government which have no relation whatever 
to the business of managing the water system. Upon such issues, 
the people divide and give effect to the particular policy or scheme 
of municipal government which, for the moment, is the most popu- 
lar. The experience of the candidates for city offices in conducting 
a “business” enterprise, forms no part of the general debate and is 
not passed upon by the city electorate in choosing officers. From 
the very nature and fundamentals of the usual city administrative 
body, the officers chosen by the people to conduct the general city 
government rarely possess technical knowledge or experience in any 
given line of business. This results in loss to those branches of the 
municipal government which are purely ‘‘business’’ in their nature. 

The reasons briefly outlined led the municipality of Clarksburg 
to take steps to separate entirely the construction and management 
of its water works plant and system from the general scheme of the 
municipal government and to place it under the control of a govern- 
ing body to be chosen solely because of their qualifications to con- 
duct that particular business. A vote cast in selecting a member of 
the administrative body which controls the water works system 
does not, in any way, reflect the sentiments of the voters on ethical 
and moral questions or questions of general public policy in the ad- 
ministration of the general city government. The choice is based 
entirely upon the qualifications of the party voted for, to conduct 
that one particular business. The result of this scheme is that 
experts, possessing technical and general knowledge of the subject, 
are placed in charge of an enterprise that is of a strictly business 
character and a degree of efficiency is obtained in administering the 
particular business which has not generally prevailed in municipal 
governments throughout the country. 
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THE CLARKSBURG WATER BOARD’S NEW CHARTER 


Brier Excerpts FROM CHARTER 


The Clarksburg, West Virginia, Water Board herein created when this act ass 2 7 
goes into effect, shall supersede the water works and sewage board created == af 
by chapter twelve of the acts of the West Virginia legislature. session one ee 
thousand nine hundred and nine. The water board shall at its first meeting, _ 
or as soon as practicable thereafter, appoint a general manager for the water # 
works plant and system of the city. The general manager shall act as secre- . 
tary for the water board, and shall be treasurer of the water board. Said 
board shall have the power to employ such hydraulic engineers, mechanical 
engineers, and other technical experts, attorneys, assistants, agents or other — 
employees, as they shall at any time deem necessary for the good of the pub- 
lic service. They may create, fill and discontinue employments other than | 
- those herein prescribed, according to their judgment of the needs of the 
department. 
Department of water works shall be ‘‘an administrative entity’’ separated 
a the general city government and administered by the water board, 
elected for a term of three years. Effective November 1, 1917. 

In order to prevent the pollution of the waters from which the people of the 
city take water for domestic uses, the jurisdiction of the water board shall be 
co-extensive with the location and extent of the waters from which such supply 


incorporated city or town. 
Power of eminent domain. The water board as herein created shall have 
‘the water the power of eminent domain to condemn, and appro- 


maintenance and operation of water systems and plants for the purpose of a 
_ supplying water to the public. The proceedings to acquire such lands, es- 
tates, or easements shall be the same as provided by general laws of the state on 
_ of West Virginia for condemning and appropriating private property fora = 
public use. 
Power to fix and regulate rates and charges; to fix penalties for failure to pay 
prom ptly; to charge water rentals directly to owner of property; to charge cost of 
dies services against land owner and require payment in advance; to install 
——e service lines prior to street paving and charge cost to land owner. The | 
4 water board is empowered to fix, regulate and change rates and charges for = 
- water supplied to all consumers, and to adopt and prescribe rules and regu- i 
_ lations which shall be observed and obeyed by all consumers in reference to 
the use and consumption of water taken from the city mains; the terms and _ a aa 
_ conditions upon which connection to the said mains shall be permitted, and pie “iy 
the place and manner of making the same; to fix penalties by way of additional | oa 
charges for failure to pay water rents promptly, and to this end may discon- ee 
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tinue the supply of water of any consumer who fails to pay for jive same as 
required; to require all users of water for temporary purposes to pay for the 
privilege in advance; to refuse to furnish water to any building or habitation 
in the city unless the owner thereof shall assume liability for the payment of 
the charges for the water so furnished; to charge the cost of installing water 
service lines from the curb line to the mains against the land owner, and to 
require the payment in advance for installing such line and making connection 
with the water main; whenever the city council shall determine to pave or 
repave any street in the city, the water board is authorized to make a proper 
connection and lay a water service line from the main to the curb for each and 
every lot or for any part of a lot under separate ownership, although no water 
service may at the time be necessary or required for any such lot or part of lot 
and to charge the cost of making such connection and laying such water service 
line against the owner of the property, and the cost of laying such water serv- 
ice lines and making such connections shall in every instance be a lien upon 
the lot or part of lot to be benefited thereby, and the water board shall have 
the right in the name of the city to institute and prosecute any proper suit 
in the circuit court of Harrison County, West Virginia, for the collection of 
such charges by a sale of the property on which the same constitutes a lien. 
Plumbers required to pass examination and obtain certificate of competency. 
The city may require all persons who engage in the business of plumbing to 
pass an examination and obtain a license or certificate for such purpose. For 
this purpose there is hereby created a board of examiners of four persons to con- 
sist of the superintendent of public welfare and the general manager of the 
water board and of two other persons selected by them, one of whom shall 
be a master plumber and the other a journeyman plumber. The license shall 
be for such term or period as may be prescribed by the examining board. The 
superintendent of the department of public welfare and the general manager 
of the water board shall not receive any compensation for serving on the board 
of examiners, but the additional members shall be entitled toa sum not exceed- 
ing five dollars per day for each day of actual service, to be paid out of the 
funds of the water board. The general manager of the water board shall be 
ex-officio secretary of the board of examiners, and he shall make out and certify, 
and the superintendent of the department of public welfare shall countersign, 
all certificates of licenses, and said secretary shall keep and preserve all papers 
and records relating to the work of said board. The board shall be governed 
by any ordinance in force in the existing city of Clarksburg when this act goes. 


into effect, or which may be passed by the water board. pees oy 
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By W. BrusH 


In 1909-1910, the City of New York installed between Valley 
Stream and Amityville, Long Island (a distance of 83,800 feet) a os 
72-inch lock bar 74-inch steel pipe as a portion of its Brooklyn con- _ 
duit system. The contract, which was dated November 6, 1908, 
was awarded to the T. A. Gillespie Company, and the total estimated 
cost for all the work, which included culverts, valve chambers, valves, 
and other appurtenances, was $1,879,390. 

That portion of Long Island traversed by the pipe is an almost 
level sandy plain, there being only a few feet difference in elevation 
between the small valleys and the low intervening ridges. The 
material to be excavated was sand with some gravel and a light 
sandy top soil. A right of way, in general 200 feet in width, with 
few cross roads, gave opportunity for the use of any excavating 
system. 

The contractors used practically every known method in exéa- 
vating the trench, including hand, horse and scraper, clamshell 
buckets, steam shovels, and the Austin trenching machine. The 
trenching machine was used for the greater part of the work. It 
could be and was operated from the shallowest trench section up to 
a maximum depth of about 10 feet, the limiting depth being de- 
termined by the resultant width of trench, it being necessary to have 
a secure track foundation on each side of the trench on which the 
machine traveled and by which it was supported. Where the 
depth of the trench was greater than 10 feet, the contractor removed 
a portion of the material by other methods and then used the trench- 
ing machine. 

In a section where the average depth of cut was 8 feet, and 
the work was performed during a period of one month, data are 
available on which an accurate determination of the cost of excava- 
tion by this method can be worked out. 

Two machines were regularly employed, working in tandem, one 
machine removing approximately half the material and the other 
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machine completing the trench. This method was considered to 
give maximum rate of progress. The contractors were desirous of 
completing the work as rapidly as possible and the methods adopted 
were based first on progress and second on unit cost. 

The two machines used were not owned by the T. A. Gillespie 
Company but were rented from the F. C. Austin Drainage Exca- 
vator Company at a yearly rental of $8500 and $9300 respectively. 
This rental was based on the total yardage excavated by either 
machine being 100,000 cubic yards or less, all over and above 100,000 
cubic yards being paid for at the rate of $0.055 per cubic yard. The 
machines were worked in tandem for the greater part of the work and 

in many cases for the twenty-four hours in each day. 

To determine the cost per cubic yard for excavating the trench 
by use of the trenching machine, a length of trench was taken ex- 
tending from Station 969+ 52 to Station 1092+ 92 or a total of 
12,140 feet. The machines were worked in this section three shifts 
per 24 hours for one month from May 15 to June 16, 1909. An 
accurate force account was kept by the Department for this period. 

The total cost of excavating per cubic yard was subdivided under 
the following: (1) Rental of machines; (2) repairs and coal for 
machines; (3) labor force. The total amount of excavation made 
by the two machines was approximately 400,000 cubic yards or 
200,000 cubic yards for each machine. The cost for rental per 


cubic yard would therefore be for 


Machine 1: the first 100,000 cubic yards 

the second 100,000 cubic yards .............. 
Machine 2: first 100,000 cubic yards 

the second 190,000 cubic yards 


Whe 


The average for both machines would be $0.072 per cubic yard. hae: 
The trenching machine excavated the trench with side slopes of 
1 on 1 and the bottom of the trench was rounded to conform with 
the curve of the pipe. The average depth of the trench for the 12,140 
feet excavated was approximately 8 feet. This gave a total of 48,- 
560 cubic yards or 4 cubic yards per linear foot of trench. The 
- repairs on the two machines for the first six months, including the 
cost of setting up, amounted to $6,000 and the cost of coal for the 
- same period was $2000. The cost for repairs, coal, etc., for one 

-month would be $1334 or $0.0275 per cubic yard. 

The force included: (a) The men who operated the machines; 
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(b) the gane laying and shifting the track and edbinn ; (c) 
the gang who trimmed the trench to grade after the machine had 
This force was as follows: 

General foreman, two months at $125 

Foreman, 143.5 days at $2.50 

Laborers, 2368 days at 

Teams, 266 days at.... 

Boys, 45 days at 

Engineman, 176 days at 4.00 

Foreman, 171 days at. 

Skilled laborers 15 


T his cost - labor aon a cost per lineal foot of trench of $0. 5382 Pst 
and a cost per cubic yard of excavation of $0.1345. 
The total cost for excavation per cubic yard would be: 


the pipe will enable a comparison to be made between the excava- 
tion cost and that of other factors in the work: 


Clearing and grubbing 
Excavating 

Unloading and distributing 
Laying. . 
Digging bell ‘holes. 
Riveting 

Calking 

Testing 

Backfilling 

Cleaning up, etc 
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Repairs and coal for 0.0275 
$0.2340 
This cost per cubic yard is equivalent to $0.936 per lineal foot of = 
trench. 
Pe The following summary of the cost per lineal foot for laying _ a 


4 


It is interesting to note that on this job, the backfilling cost 15 
per cent more than the excavation. The usual experience warrants 
an estimate to backfill at a materially lower cost than the excavation. 

The author is indebted to Charles J. Clark, assistant engineer in 
the Department of Water Supply, Gas and Electricity, for the data 
presented herein. 


DISCUSSION 


TuHeEopore A. LerseN: ‘Trench machines, like automatic stokers, 
may not have been at one time popular because they could not 
vote, but conditions have arisen recently that give an entirely dif- 
ferent aspect to the question. Because of the difficulty of procur- 
ing labor, it is absolutely necessary to use devices that will reduce 
the amount of labor required. During the latter part of last year 
the Detroit Water Department started purchasing trench machines, 
and up to the present time it has bought five, two small, one of 
medium size, and two large enough to excavate trenches 6 feet wide 
for laying 48-inch mains. Two of these are of the rotary type, and 
the other three are of the ladder type, made particularly for water 
pipe work digging to a depth of 10 feet maximum. 

There are many places within the built-up sections of a city where 
a machine cannot be used advantageously. If the gas mains and 
electric conduits were installed prior to the time that the water main 
is laid in that section, the cross-connecting services would make 
an excavating machine out of the question, because unless it can be 
run continuously there is no particular advantage to be gained in 
its use. Another thing which sometimes interferes with its use in 
suburban sections, particularly if the mains are to be laid back of 
the curb, is the planting of trees in too close proximity to the curb, 
which renders it impossible to use a machine; but in general, on 
suburban work where a main is being laid in new territory, a machine 
can be used to very great advantage. The records are submitted for 
what they are worth, covering three months, October, November 
and December, 1916. Any records for January, February or March, 
1917, would be of little or no value, because the winter work, par- 
ticularly last winter, has been abnormal owing to the very deep 
frost in the ground, and even where the trench machine was used 
it was necessary to burn out the frost before the machine would work 
to any great advantage. 

Comparisons for the last three months of 1916 show the follow- 
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ing: For 6-inch pipe with hand labor, 42 cents, and with machine 
work, 30 cents, a decrease of 12 cents per foot in favor of the machine. 
On 8-inch pipe, 45 cents with hand labor and 31 cents with a machine, 
a decrease of 14 cents in favor of the trench machine. On 12-inch 
pipe the cost by hand was 67 cents and by machine 40 cents, a 
saving of 27 cents in favor of the trench machine. On 16-inch pipe 
the cost by hand was $1.43 and by machine $1.13, showing a saving 
of 40 cents per foot in favor of the trench machine. As the size of 
the pipe increases the saving will become greater and greater, other 
conditions being equal. The trenches are 53 to 6 feet deep for 
pipe up to and including 12 inches in diameter. 

Under the method of laying pipe in Detroit there is one fact that 
militates against the most advantageous use of the trench machine, 
namely, every pipe line is tested before it is covered. A section 
300 to 1000 feet long is laid, according to conditions, and then it is 
tested under a pressure of 100 pounds before any backfilling is done. 
If the excavation is in good stiff clay or reasonably good earth and 
the banks will stand up, it does not make so much difference; but if 
it is sandy soil or wet ground where pavements are contiguous, it is 
much more difficult to excavate for any great distance ahead of the 
pipe work; and consequently the machine must stand idle until the 
test is completed. The prices given include a fixed charge on the 
machine, which covers all the labor on the machine and a certain 
charge for its depreciation, so that the hand labor and machine work 
are placed on a perfectly equal basis for comparison. 

In addition to the trench diggers the Detroit department is using 
a number of gasoline operated backfillers of the simpler type, two 
of them being boom machines, the boom being about '30 feet long, 
each supposed to work with two men but usually requiring three 
men to operate it. The saving in machine backfilling is very 
material as compared with hand work. Where the trenching has 
been done before the streets were paved the backfilling is heaped up 
over the ditch and watched until it comes down to a reasonably level 
surface. Where the pavement is to be put down the backfilling 
is rammed by hand. A machine-rammer has been tried with only 
indifferent success. 

Trench machines are used generally in sections over 400 feet long, 
and preferably on the longest extensions that are being made at any 
particular time and place. It does not pay to put the machine in 
a trench 200 or 300 feet in length unless it happens to be adjacent 
to some larger work. 
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The machines are all self-propelling, and will move at the rate of 
about three to five miles a day, according to conditions. The smaller 
machines can be relied upon to excavate up to 1000 feet per day of 
ten hours, provided there are no obstructions to interfere with their 
progress. The larger machines will not dig so rapidly. The ques- 
tion of just what they will average in actual work from month to 
month is rather difficult to put down in figures, because there are 
so many conditions which may come up to interfere in one way or 
another with the continuous progress of the machine. From 300 
to 1000 feet is what a machine can do. Four of these machines are 
gasoline-operated; one of the large machines is steam operated. 
The machine proper is ahead of the cut, so that its weight has no 
effect whatever on the caving in of the sides of the trench except 
insofar as this weight in passing in advance of the excavation may 
disturb the surface of the earth. In excavating in sandy soil, to 
prevent to a certain extent the tendency to cave in, a single plank 
bracing is placed on each side of the trench from 18 to 24 inches be- 
low the surface and held in place by extension braces. In some in- 
stances the sides will slough in in spite of this bracing, but not suffi- 
ciently to interfere materially with the laying of the pipe, and to no 
greater extent than would be the case in hand-excavated trenches. 


C. W. Wites: At Marion, Ohio, a trench machine was used last 
year in laying several mies of 6 and 8-inch pipe 44 or 5 feet deep. 
A contract was made simply for the excavation of the trench ready 
for the pipe; the price paid was 10 cents per lineal foot. The speaker 
has just closed a contract for a trench in which to lay some 6-inch pipe 
43 feet deep, at 6% cents per lineal foot, which is very cheap in- 
deed. The trench will be 20 inches wide on the top and slope down. 
It is doubtful whether the work could be done at 20 cents a foot by 
hand labor. 


R. B. Howeti: During the past three years a ditching machine 
has been used in laying some 30 miles of pipe in Omaha. The actual 
cost of labor, maintenance and operation, not including depreciation, 
has been between 3 and 4 cents per running foot of trench. How- 
ever, the department has charged the work with a total of 6 cents 
per running foot, the additional amount being added for deprecia- 
tion. On this basis, the machine has been fully paid for and it is 
still in fair working condition. It digs a trench about 5} to 6 feet 
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in depth, and the water department increased its cutting width so 
that it has cut a trench for some 4 miles of 24-inch pipe. The back- 
filling was done by scrapers, and by hand where necessary. There 
is no question as to the advantages of the use of such a machine, 
except on short piece work. It is necessary, after the machine has 
been taken out upon the streets and put into service, to keep a 
watchman on it at night. Because of this expense the water depart- 
ment waits until a considerable amount of pipe laying work has 
accumulated, and then works the machine continuously. It has 
also been rented occasionally to the Telephone Company for the 
installation of conduits, that company using the water depart- 
ment’s help in its operation. 


E. E. Davis: The trench machine has been found very satis- 
factory at Richmend. The soil is either red clay, sand or gravel. 
The pipe is laid at an average depth of 4 or 5 feet. A machine has 


made as 1100 in one day, when excavating for 8-inch 


LEoNnaRp Mercar: The remembers one case in Louis- 
ville on sewerage work where the use of the machine in a sandy and 
gravelly soil did not pay, because the banks caved so badly. On 
the other hand, he has seen trenches in the West where it was used 
successfully by placing poling boards or stay-bracing immediately 
behind the machine. Some caving did result, but on the whole 
there was a saving in cost by the use of the machine. 

Of course the material dealt with determines the saving. If 
there is no cohesiveness in the material, obviously the machine can- 
not be used to advantage, because under such circumstances the 
trench will cave before such bracing as may be required can be placed. 

A much more extensive use of the machine has been made in 
localities west of the Mississippi rather than east ofit. The machines 
are well fitted to the prairie soils of the West. In Los Angeles, 
William Mulholland is using the machine very successfully with his 
outlying pipe lines, not in the heart of the city or where there are 
many obstructions. In the San Francisco region the speaker found 
the machine was used very little, though in a recent trip he found 
that in Sacramento several of the machines were being used success- 
fully. In Denver the machines were in use for sewer work in some 
trenches upwards of 12 feet deep, 4 feet and a little over in width; 
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DISCUSSION 


the additional width being obtained as in Angeles, 
breaking down the banks with a bar as the machine went along and 
letting the machine excavate the material which was broken down. 

Of course there is a great variety of conditions, and these affect 
the extent to which the machine can be used. The speaker remem- 
bers one contract in Denver in which the contractor meant to use 
the machine wholly. Some pipe was to be laid in an alley, where no 
obstructions were anticipated. A well-known engineer of that region 
kept a careful cost account forthe contractor. It showed that about 
one-half of the work had finally to be done by hand, but that the 
use of the machine was nevertheless advantageous. Moreover 
the machine was used in many places where obstructions had to be 
skipped. Of course had there been many of those, the saving in 
cost would have been seriously affected. 

The speaker is of the opinion that Mr. Leisen’s statement upon 
the limitations of machine use, on short sections of trench, repre- 
sents general experience. The speaker was very much interested 
in hearing a case in central New York a few weeks ago, in which a 
machine had been used in the down-town district successfully, but 
that success with it probably was due to the particular skill of the 
man who ran the machine. He was a careful operator. On the 
other hand, in Denver, the gas department suffered much from the 
carelessness with which some of the sewer work was conducted, which 
led to the necessity of expensive repairs to the gas services. In 
the central New York case cited the superintendent made reference to 
the fact that there had been a great demand for the machine outside 
of the Water Department, and a great deal of trenching for drains 
and other purposes had been done by the machine which had en- 
abled the charging off of the cost of the machine. 

The Indianapolis Water Company’s pipe laying records for the 
last five years were analyzed with great care by the speaker recently. 
In that period of time it was found that the trench machine had been 
used to do about one-quarter of the work. Had it been advantageous 
to use it more, it would have been employed. The general experience 
showed that it was not advantageous to get the machine out, par- 
ticularly in a distant part of the city, unless the extension approxi- 
mated 1000 feet. In some cases it was perhaps nearer 500 feet; but 
for an extension of 300 feet it had not proved advantageous. The 
saving in cost per cubic yard amounted to about one-quarter, if the = 
speaker remembers the figures, the ratios being about as 30 to 41.6 
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cents on the excavation, backfilling, and complete earthwork, with- _ 
out any allowance for depreciation and interest charges upon the © 


machine. Making an allowance in accord with experience there 
with the mate, it brought the cost up to almost exactly the cost 


38.3 cents and 41.6 cents per cubic gard. During the period of time 

covered by this investigation the Department would, in some cases 

where the machine was used, have experienced great difficulty in __ 
getting the work done by hand-labor, because of scarcity of labor. == 
From a public point of view in many cases the machine has a dis- “ 7 
tinct advantage in reducing the time limit involved; so that it 
seems probable that even though there might not be great saving Ps 

in cost in some cases, the trench machine will come to be more — 


generally used in the East than heretofore. Its use is growing. 


M. N. Baker: It seems obvious that under existing and near 
future conditions the trench machine and all other labor-saving 
machines, not only in water-works but in all municipal work, will be 
far more extensively used than in the past. Labor and other con- 
ditions seem to make this almost a matter of compulsion, and asa s—w™ 
matter of patriotism we certainly shall have to use machines to 
save men whenever that can be done. It seems to the speaker from 
information he has collected in the past few months, that it is pos- 
sible to use trench and other machines in places where their use 
has very frequently been thought impossible or undesirable. While _ 
one man may report that it is entirely out of the question to use the | 
trench machine under certain conditions, other men in other cities _ 
say that they have been used under equally difficult conditions with 
success. 


more a few years ago in loose caving soil. An inclined platform, — 
making an angle of about 20 degrees with the horizontal, was sup- 
ported just ahead of the completed trench in which the pipe was | 
laid, and provided with side-boards. A drag scraper filled with soil 

was dragged up this platform, and on reaching the end of it, where 

the trench was ready for backfilling, it was automatically dumped 

into the trench. With this contrivance there was of course no 
difficulty on account of the caving of the sides of the bank and no © 
shoring was required. The depth of the trench was regulated by 

hand by the — who guided the scraper. 
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A Thew heen used for digging | a in which the 
bank stood up very well, and there was no caving to amount to 
anything. The trench was being dug for either a 24 or 30-inch pipe 
and 12 feet of trench was excavated quite close to the desired grade 
by means of the shovel. Each shovelful was deposited as backfill- 
ing in the trench behind by simply revolving the shovel and running 
the bucket arm out its full length. When 12 feet of trench had been 
so excavated, and had been trimmed sufficiently close to grade by 
hand by a couple of men with shovels, the iron pipe was laid by the 
shovel arm itself, the pipe being slung from the arm by ropes. The 
engineer, by moving the arm up and down, and backward and for- 
ward, could enter the pipe into the bell and adjust it to the exact 
position desired. The joint was immediately poured and calked 
expeditiously by the use of a pneumatic calker, so that in a few 
minutes it was possible for the shovel, which in the meantime had 
gone on digging an additional 12 feet of trench, to backfill over the 
joint and the pipe just laid. 


I. M. HicgBeE: The White Deer Mountain Water Company, 
in the spring of 1916, decided to construct an auxiliary water pipe 


line for an additional supply of water. The pipe line is about 8 
miles long. To dig this trench by hand, in the time the work had 
to be done, was out of the question. It was not a matter of wages, 
but there were no men to be had in numbers large enough to do the 
work. The company accordingly bought a trenching machine of the 
rotary type. 
The country passed through was all farm land, with rock forma- 
tion at different points that had to be blasted and dug by hand. 
At these points, the ditcher traveled over and ahead of the rock and 
then began to dig again. These jumps varied from 100 to 500 feet. 
The digger was on the trench 130 days, and was idle about 10 days 
out of the 130, owing to repairs that had to be made to the machine 
and for rainy days. The average width of trench was 24 inches and 
7 its average depth 42 inches. The digging done by the ditcher 
amounted to about 8000 cubic yards and it cost $2500 to dig this 
with the ditcher. 
The above amount or cost of digging trench with the ditcher 
covers only the operating expenses during the 120 days worked on 
_ this construction and emmeed of the following items: 
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TRENCHING MACHINE WORK 
Foreman, water boy and office hire 
One engineer, 120 days at $5.00 
One helper, 120 days at $2.50 
Gasoline and oil 
Laborers 
Repairs to machine on the work 
Incidentals, ete 


The above is only for the digging; the laying, digging bell holes, _ 
breaking down, and trimming the bank were kept separate. The 
cost of the machine was $3400 and the depreciation should be at least 
$750. No allowance was made for interest charges on the investment. 

The machine there works most advantageously in any fairto good 
loam. There was one stretch of trench where it made a run of 3 | 
feet every minute for every working hour. It madea trench 1500 — 
feet long by 24 inches wide by 42 inches deep, with only the engineer 
and helper, 15 gallons of gasoline and 4 quarts of oil. This was the ~ 
best run. The machine cannot be operated in rock at all and where 
the ground has very large round stones it does not do well, but will _ 
operate at a slower rate of speed. rh 
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“THE EFFECT OF COVERING A SERVICE. RESERVOIR! 


By GAvuB 


a we. — Itis hardly necessary to say that no one at the present time expects 
to hear of such highly developed animals as fish or eels in a municipal 
water supply, especially after it has been filtered, yet in many com- 
munities where filtration has been adopted the water is served to the 
consumer from an open reservoir, thus permitting all manner of dust, 
droppings from birds, insects, microscopic growths and many other 
influences tending toward deterioration, to cause much trouble and 
anxiety. Although it may be possible to account for these various 
troubles and it may be shown that the water has been filtered proper- 
ly, yet the layman will be of the opinion that the supply is not cared 
for in the proper manner and hence the usual complaint, whereas 
if the reservoir had been covered or protected in some way, every- 
thing would have been satisfactory. 

The open surfaces of water, whether in service reservoirs, clear- 
water tanks or basins or channels, lend themselves primarily to the 
introduction and development of algae and insects. The latter 
lay their eggs on the borders of the open bodies of water, in which 
when hatched the Jarvae spend one part of their existence as free- 
swimming animals before reaching a further stage in their develop- 
ment, thus permitting, sometimes, the consumer to obtain some of 
the larvae from the spigot in his home. Fortunately, many of these 
larvae and algae do not make the water-mains their permanent 
abode, and hence may be regarded as occasional passengers on an 
unknown journey. Especially is this so with algae, since they thrive 
best in the sunlight, and yet it should not be forgotten that such forms 
as Sponge and Crenothrix are met primarily in iron pipes. 

As a result of the presence of algae in water basins, the water be- 
comes subject to disagreeable tastes and odors resulting from the 
growth and decay of the organisms. Again, small organisms visible 
to the naked eye, such as Daphnia and Cyclops cause much worry 
on the part of the consumer when seen in the glass of water as 
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VERING A SERVICE RESERVOIR Son 533 

drawn from the spigot. In most reservoirs the appearance of algae 
and the larger forms of life tend to act as scavengers, living on the 
organic matter, bacteria and other ingredients which the water might 
have picked up in its flow. Especially is this so inthe case of surface . 
waters. However, when these forms of life die the bacteria increase _ 
in numbers, and though they be only water forms and have no sig- 
nificance still they do not improve the water in any way; this is 
easily seen when curves 1 and 3 in figure 1 are compared, especially 
for the spring, summer and fall months. From these curves it will 


be seen that where there was an abrupt change in the algae growths 


Fig. 1.—TEMPERATURE AND BACTERIA VARIATIONS 


(curve 3) the bacterial content was not affected, in some instances: 
increasing; whereas when the algae were permitted to grow the 
bacteria were kept down. ’ 

Now, with water of this kind, especially after it has been filtered, 
two things are possible in order to protect it from deterioration, viz: 
(a) the use of an algicide, (b) the building of a cover for the basin. 
Copper sulphate is recognized as an algicide everywhere, being used 
in many cities to prevent and stop the effects of vegetable and animal 
growths in the water supply. Undoubtedly if used in ample suffi- 
ciency and under proper conditions it will destroy everything that 
affects the aesthetic sense of man in a water supply. However it has 
been found that the toxicity of copper salts is low in water contain- 
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in which case the copper 
is precipitated as basic cupric carbonate, which in turn is slowly 
dissolved by the carbon dioxide in the water, hence necessitating a 
larger dose than would be the case with a softer water. Again when 
copper sulphate is used at a time when the growths start and before 
the organisms have developed so as to form a mass, the water be- 
comes full of dead and decaying bodies of the organisms, which due 
to stagnation cause an effect opposite to that which was intended; 
after which, in a short time, under favorable conditions, the growths 
begin again and the same operation must be repeated if some satis- 
faction is desired. In many cases the effect has been so marked that 
the reservoir was placed out of service until it was cleaned. In 
many cities treatment with copper sulphate is begun in the early 
spring thereby thinking that a good foot-hold will be established 
by which to check the growths, only to find that in a short time the 
growth is appearing. 

Hence when everything is considered, labor, material and inci- 
dentals, and the number of repetitions in applying the algicide to- 
gether with the after results, it will be found that the total sum spent 
equals the interest on the money invested in a good cover for the 
body of water, especially if the water has been filtered. This in 
brief is what was done in Washington to one of the service reservoirs, 
thereby eliminating a very troublesome growth of algae, most of which 
were diatomaceae. 

Briefly, the cover was designed as a flat slab concrete floor to carry 
a live load of 75 pounds per square foot. The reservoir is in two com- 
partments, and one of these was covered while the other was in 
service, thus causing no delay in the use of the water in that section 
of the city. The slab is 6 inches thick and is supported on 133 
columns 16 inches square. The slab is made of a mix consisting of 
1 part (Portland) cement, 2 parts sand and 4 parts gravel, and 
covers 44,600 square feet. The cost was about 37 cents per square 
foot. 

In studying the effect of an improvement such as this, several facts 
make themselves known which in a way influence the quality of the 
water, thereby proving that it was a success. These are: (1) the 
location of the reservoir, which controls to a degree the physical 
influences, (2) the effect of such a change on the bacteriological and 
chemical content of the water, and (3) the all important one, the 
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From the picture, figure 2, which was taken several years ago, it 
will be seen that the reservoir was free from all obstructions, being 


RESERVOIR BEFORE IT WAS COVERED 
% 


open to the sunlight and free to the air, thus permitting the entrance | 
of many of the bad influences, such as dust, droppings of birds, etc., 
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Fig. 3.—THE APPEARANCE OF THE RESERVOIR TODAY 1 
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and much organic matter, thereby encouraging microscopic growths. 
The temperature of the water, as will be seen from curve 2, figure 1, 
was constant, not having changed in the last four years, and ran- 
ving from a minimum of 35°F. to a maximum of 80°F., thus giving 
the various organisms their respective optimum temperatures for 
growth. However when the cover was applied, as shown between 
the points B and C on the curve, figure 1, the temperature did not 
fall so readily as when the reservoir was open, thus permitting the 
bacteria to thrive but to no alarming extent, as is seen from curve 1. 
Again the effect of the cover is seen in Table 1, in that the total 
nitrogen was not as high as it was formerly, due to the lack of organic 
matter which entered by way of the wind. This is also seen in the 
amount of amorphous matter which was usually present in the open 
reservoirs; in this case it followed curve 3, and hence is omitted. 

The effect on the chemical constituents will be seen from Table 1, 


TABLE 1 


Effect of the cover on the chemical constituents, in parts per million 


TOTAL NITROGEN NITRITES NITRATES ALKALINITY 
MONTH 
1913 | 1914) 1915 1016) 1913 | 1914 | 1915 1916 1913 1914 1915 1916 1913/1914 1915/1916 
— | —— - — | — | | — —— | 
August '0. 109 0.040 0. 109.0. 105 0.004 0.007.0.004 0.003 0.20 0.10 0.200. 64 a 
September 0.051/0.19 |0.024.0.024 0.002 0.005.0.004, 0 0.15.0.25.0.38'0. 1087.2 62.0/67 8/76 0 
October 0.054, 0.001 0.002 0.20 0.24'0.37)0. 15. 87.2'60.0 71.5) 79.6 


| | 
November ..... (0,031 0.003 0.003,0.004 0.80 


lo 032 0.060 0.002,0.002, 0 


0 


December. . 1.10.0.300.30) 0 (55.4)71.3 64.0, 79.6 


in which it will be noted that the total nitrogen, nitrites and nitrates 
decreased due to the lack of added organie matter, whieh in former 
times was carried in by the wind and birds; again this decrease was 
due to the decreased number of dying algae, ete. Again the alkalinity 
appears to vary in times previous to covering, due no doubt to the 
varying amount of carbonates and bicarbonates, in which case the 
carbon dioxide was used by the organic growths; on the other hand, 
after the cover was added, the alkalinity appears to remain constant. 
If water plants enter a body of water which is open to the air, as 
this one was, the mineralized nitrogen and carbon dioxide are used 
as food, thus causing the plants to excrete substances which to 
higher life are poisonous. The oxygen consumed, in this case was ().2 
and 0.3 reduced between 2 and 3 cubic centimeters per liter, pointing 
to the fact that something that was at work had now stopped. 
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Hence it is evident that if factors like those above eemittiaied are 
controlled the water will not and should not deteriorate. 

In curve 3 it will be seen that the microscopic growths have been 
somewhat excessive, and in those places where a sudden drop is seen 
either cleaning or copper sulphating or both had been practised, 
showing an immediate effect but not the permanent one desired. 
However, when we come to the points B and C an immediate drop is 
seen, which in comparison with that for former years at the same 
times appears to be permanent, so that in the future very little micro- 
scopic growth may be expected in this reservoir. 

Conclusion. Hence for the following reasons every reservoir used 
for service should be covered. 

1. From an aesthetic sense, in that all matters which have been 
removed by filtration are kept out. 

2. By keeping out all manner of débris the chemical composition 
is not changed much, in fact not so much as it would be without 
the cover. 

3. The temperature will not vary as much, during all seasons of 
the year, as without the cover. 

4. The expense of treating and cleaning the reservoir, thereby 
sometimes causing much inconvenience to the consumer, is avoided. 

5. A flat taste may result from the use of the cover, this however 
can be eliminated by constructing the reservoir so that a constant 
circulation is maintained. 

6. By constructing the cover flat an eye-sore is eliminated in the 
vicinity, since the cover can be used as a base for a bed of flowers 
or a garden thus improving the appearance of things around the 
reservoir. 
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THAWING FROZEN SERVICE CONNECTIONS BY MEANS 
OF ELECTRIC CURRENT! 


By Henry B. Macuen 


In the City o of New York, due to the fact that many sik the streets 
are paved with most expensive types of pavements on concrete base, 
making the cost of digging up a frozen service high, there should be 
a good demand for the apparatus necessary to thaw out the frozen 
service. However, the type of pavement as well as many other 
conditions, including the weather itself, reduces the number of cases 
where the supply is shut off from buildings to a comparatively small 
figure except in the very unusual winter which occurs from time to 
time. 

However, due to the foresight on the part of the New York Edison 
Company, its distribution division is equipped to handle cases from 
14-inch lead service pipe, 30 feet _ to a 6-inch submarine 


pipe 1700 feet long. 


METHOD USING LOW 
TENSION OC. SYSTEM RS 


METHOD USING BAT- 
TERY OR A.C. CURRENT. 


Fheostar 
Switch 
{ A Setter Shur 
Switch Shunt ¥ A Resnune 


flectric 


3 stat 


The system of putting the electric current to work is clearly shown 
on the diagram, both for cases where low tension direct current is 
available and for the cases where it is necessary to use a storage 
battery or only alternating current is available. In both cases it 
is necessary to complete the circuit through the house service pipe 
with the main by taking advantage of a nearby hydrant. Possibly 


1 Read before the Richmond Convention, May 10, 1917. The discussion 
of this paper was combined with that of the paper by W. I. McMane on 
“Thawing Frozen Water Mains and Service Pipes by seen idl on page 
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some of the failures recorded are due to attempting to complete the 

circuit through a hydrant connected to another main (due to poor 

record maps) in streets where there is more than one main in the © 

ground. 
During the winter of 1916-1917, which might be considered a — 

fairly severe one, 42 orders were received. Of these three were can- — x 

celled as in two cases the water was found running and in the other © 

because of a broken pipe. Thirty-eight were successful and one 

failure was registered, due possibly to some other obstruction than 

ice in the pipe. 


Tue New York Epison Company, 
55 DUANE STREET, 


Mr. Henry STEPHENSON, 
Superintendent of Distribution: 


Please call at 
to thaw water main. 


Prices: + 
For pipe up to and including 1 inch 
From 1 inch to 1} inches 
From 1} inches to 1} inches 
From 1} inches to 2 inches 
These prices are for pipes up to 75 feet long. 
Price for thawing risers, same as above. For First additional risers at a 
same address $10.00 extra. For each additional riser beyond this $5.00 extra. | 
Payment to be made at time work is done. 
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Tue New York Epison Company, 


The - alia 1911-1912 is the one of recent delat which, ian the 
number of cases where orders were received, gives results which 
show the real value of this method of thawing out a frozen pipe. 

Table 1 gives the results obtained, subdivided into several groups. 

From the table it appears that equal success is obtainable 
whether the service pipe be lead or iron, whether it be 4-inch or 
2-inch in diameter. 

The procedure followed by the Edison Company in New York 
is to have a representative call on receipt of a request by mail or 
over the telephone from the owner or plumber, who, after investiga- 
tion, fills out the form on page 539 giving the name of the owner or 
plumber. This form acts as an order to the working organization 
which attends to the work, giving a receipt for the money, using 
the lower portion of the form for the purpose. 

TABLE 1 
The New York Edison Company; report on thawing of frozen water service in 
winter 1911-1912 


Successful cases 


AVERAGE AVERAGE 


NUMBER OF CASES KIND OF PIPE AMPBRES 


feet 
Lead 35.0 10.3 336.6 
Iron 48.1 7. 363.6 


37.9 342.5 


Unsuccessful cases 


Lead 43.3 
Iron 50.0 


Totals 45.3 


General 
averages. 512 38.5 


Details of successful cases 


NUMBER OF AVERAGE AVERAGE AVERAGE 


KIND OF PIPE CASES LENGTH MINUTES AMPERES 


feet 
Lead 33.7 19.6 250.0 
Lead 36.1 8.1 323.6 
Lead 18.2 8.3 350.6 
Lead 40.4 14.5 340.6 
Lead 40.8 9.5 377.0 
Lead 42.9 20.8 360.4 
Lead 52.3 13.0 416.6 


35.0 ‘ 336.4 
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TABLE 1—Continued 


Unsuccessful cases 


NUMBER OF AVERAGE AVERAGE 


KIND OF PIPE CASES LENGTH MINUTES 


feet 
Lead 42. 32.3 
Lead : 73.0 
Lead f 63.6 
Lead ; 54.5 
Lead 80.0 


53.6 


32.5 
42.0 
57.5 
61.0 
39.3 
45.0 


48.1 


cases 


30.0 
40.0 
65.8 
35.0 
30.0 


50.0 


Recapitulation 


Total number of orders received 

Total number of cases successfully thawed out 
Total number of unsuccessful attempts* 
Water running on our arrival 

Services refused on our arrival 


Totals ...... 329.8 
§ Iron 2 7.0 287 .5 
Iron 19 26.7 403.2 
1} Iron 8 13.7 393.7 
2 Iron 2 40.0 
104 17.3 363 .6 
Unsuccessful 
Iron 1 33.0 325.0 
1 Iron 1 120.0 
1} Iron 3 60.3 366 .6 
2 Iron 1 22.5 
Cancelled—no plumber on 14 
Cancelled—found plumber digging on our arrival............... 3 
an ss * After attempting to thaw no effort was made to learn cause of failure. _ oN ae 
4 


An examination of the prices charged shows the economy of this 
method when we appreciate that the Bureau of Highways in Man- 
hattan requires a minimum deposit of $56 for a street opening 
permit, the balance of which is held for six months after the pave- 
ment is restored. 

In a number of smaller communities in the vicinity of New York 
the local electric companies have assembled a complete outfit on an 
auto truck, including rheostats, resistances, etc., and a storage 
battery for cases where the source of supply might be at too great a 
distance to warrant stringing a wire. This equipment is rented to 
a local plumber or water company, in a number of cases at a fixed 
sum of $40 per day, the plumber or water company making direct 
arrangements with the property owner. 

No story of the use of electricity in thawing out a frozen water 
main in New York would be complete without mention of the job 
of restoring the water supply to North Brothers Island in 1912. 

North Brothers Island is located about 1700 feet from the Bronx 
main land and received its supply through a 6-inch main from the 
foot of 140th Street in the Bronx and from a 12-inch main feeding 
water from Rikers Island, both mains being of the usual submarine 
type. The main from 140th Street to North Brothers Island is 
80 feet below the water surface at its maximum depth, and the Rikers 
Island main about 30 feet at the maximum. The island contains 
a number of hospital buildings for tuberculosis patients, some in 
the most advanced stages, the total population being about 500. 

On February 12, 1912, notice was received in the Department of 
Water Supply that the supply to the island had stopped. Imme- 
diately the department force was dispatched to the Island, finding 
in a few minutes that both sources of supply were out of service. 
Continued effort to clear the ice by cutting out a section of pipe and 
forcing steam in produced no result, even though the steam hose 
had entered for a distance of 200 feet. 

Temperatures taken on February 24 showed 40°F. in the open, 
the water at the surface 32° and at 50 feet depth but 29°. Again 
on March 5 a temperature of 29° was found in the river at 15 feet 
depth. 

On March 6 the Edison Company was called upon to make an 
effort to thaw out the supply. All were skeptical of the result, it 
being realized that conditions were not at all similar to buried pipes, 
where the heat generated — current passing along the pipe might 
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be retained. Here, due to the flow of the tides, the cold water around 
the pipe was being constantly replaced. 

A temporary frame shed was started at once on the shore of the 
East River and four 100-kilowatt transformers installed. These 
were to step-down the high tension current from 2000 volts to 200 
volts. By 10 a.m. March 7, current was on, 800 amperes at 200 
volts being used. By stages from day to day the amperage was 
raised so that in the morning of March 9 it was 1500 amperes at 
400 volts, two additional 100-kilowatt transformers having been 
installed. The next day 1800 amperes at 368 volts were flowing 
from the main land through the pipe to the island. 

On March 12, at 6.20 a.m., a little over 5 days after the current 
had been turned on and without the slightest warning, water started 
to flow. In a few minutes normal conditions were restored with a 
full and free flow. One thousand horse power had been used, which 
is 36 times the amount of heat necessary to melt the same quantity 
of ice on land. The author is indebted to Mr. Henry Stephenson 
for the details of the work placed at his disposal and liberally quoted 
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THAWING FROZEN WATER MAINS AND SERVICE PIPES 
BY ELECTRICITY! 


By W. I. McMane 


The thawing of frozen water pipes with electric energy taken 
from central station mains has come to be a familiar practice and 
may be accomplished in various ways. Among them are the fol- 
lowing: By using one or more transformer units to change energy 
from distribution pressure to a suitable pressure for the work; by 
using energy direct from low-voltage alternating current or direct- 
current service wires, or by a_ portable gasoline-engine-driven 
generator. 

The Commonwealth Water Company, operating water utilities 
in several municipalities in northern New Jersey, had its first ex- 
perience in electrical thawing during the winter of 1905, which for 
a short period was extremely cold and with very little snow on the 
ground to prevent the frost from penetrating to a considerable depth. 
In some cases the frost went to a depth of 5 feet, freezing some of 
the mains and many of the service connections. One of the first 
complaints received was in a street where there was a 6-inch main 
in very open gravel soil, with about 4 feet 6 inches of cover, and 
paralleling the main was an open sewer trench. In many places the 
sewer excavation had bared the main in sections from 10 to 50 feet 
in length, resulting in freezing approximately 700 feet of the 6 inch 
main, thereby cutting off the water for domestic and fire service 
uses. 

In order to restore the service as quickly as possible, it was decided 
to assemble an emergency thawing apparatus. Accordingly there 
were loaded on a wagon the largest transformer in stock, with the 
necessary switches, a reel of wire and an oil barrel filled with water 
to use as arheostat. The outfit was hauled to the frozen main. A 
sufficient amount of wire was then unreeled to reach from the trans- 
former to the nearest fire hydrant. One connection was made on 
the revolving top nut of the hydrant, and the other line was con- 
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nected to a service, on a service key placed on a service curb cock, 
It was assumed that it would require several hours to remove the 
ice obstruction, but after turning on the current at 10.00 a.m., at 
12.30 the ice obstruction had been completely removed and without 
any damage to the main or house connections. 

When it is possible to obtain the current from the central station 
supply, it is cheaper and better to use this source of energy. If the 
supply is direct current of 110 or 220 volts, it may be used directly 
from the lines, the only equipment necessary being a rheostat to 
control the current within proper limits and possibly an ammeter 
to measure the current. If the supply is alternating current the 
same arrangement may be used, providing there is sufficient capacity 
available at 110 or 220 volts. Ordinarily this is not the case, a 
sufficient supply only being available at a much higher voltage, 
usually 2200 volts, which condition exists in the territory of the 
Commonwealth Water Company and it is necessary to have equip- 
ment suitable for operation from 2200-volt alternating-current 
circuits. The high voltage current may be reduced to proper work- 
ing voltage by means of suitable transformers. If ordinary dis- 
tribution transformers are used it is necessary, in order to give a 
sufficient amount of adjustment, to use three or four transformers 
connecting them up in various combinations to produce the desired 
results. Several electrical equipment companies are now building 
transformers especially designed for this work, known as “pipe 
thawing transformers,” which are adjustable and by simply turn- 
ing a wheel or handle the desired current may be obtained. They 
are also designed to have a certain amount of inherent regulation, 
thereby fixing the amount of current obtainable within certain 
safe limits, whereas with ordinary distribution transformers a 
dangerous amount of current might be obtained with improper 
connections. 

The method of thawing frozen main or service connections with 
a special pipe thawing transformer such as the Commonwealth 
Water Company is now using, is as follows: 

Two wires are connected from the high-tension street wires to one 
side of the transformer and two wires are connected to the other 
side of the transformer, one of which is run into the building hav- 
ing the frozen service and attached to any convenient part of the 
piping in the house, but preferably at a faucet, as this is the only 
means of being absolutely sure that the connection is inside of the 
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frozen section. The other wire is usually connected to a hydrant, 
eal but should no hydrant be available a key may be placed in a con- 
venient curb box and the wire attached:to the key, or the wire may 
be run into another house and attached to the piping there. It must Fe 


rae always be remembered that the current flows along one wire to the 
i is pipe and from that point naan the pipes to the other wire, the wy 


"pending first upon the amount of current passing and second upon the 

diameter of the pipe. Should the connection be made toacurb cock _ 
and the frozen portion happen to be between the curb cock and the - hs 7 
main, the desired result would not be obtained, whereas if it is at- e 
tached to a hydrant or service in an adjacent building the current 
must necessarily pass through the entire length of service from the | 
faucet to the main. In thawing house service connections it is 
always good policy to disconnect the pipe being thawed from na | 
remainder of the house plumbing, which eliminates the possibility a 
of shunted current, which requires a longer period of thawing and 3 
creates a possible fire risk. When all connections are complete, 
the circuit is closed by putting in the fuse plugs on the high tension © : 
side, the transformer having been previously set to give the minimum oe i 
amount of current. The transformer is then regulated to produce © 
whatever current is up to its amount. 


is of ample size, and with such a transformer pipes even as large as J it 
3 or 4 inches may be thawed if the current be supplied for a sufficient nee ar 
length of time. The work sometimes requires 3 or 4 hours applica- © 
tion of as much as 200 amperes. In thawing ordinary 3-inch services a 
100 amperes is sufficient to start the flow of water in from five to © 
ten minutes. Ordinarily no harm is done by using 150 or even 200 e 
amperes on a 3-inch service, if so much current will flow. It will fi 
be found, however, that it is not always possible to obtain so much © ‘ + 
current as can be conveniently used, due to the fact that the length 
of pipe in the circuit may be sufficient to hold the current down to | 
a relatively low value, even though the transformer be set at its 
highest point. Unless at least 20 amperes can be obtained, it is not an ch 
usually feasible to thaw a 3-inch service, and with that current it 
might require three or four hours application. One hundred and — 
fifty amperes will usually thaw a l-inch pipe in about twenty minutes © 
and a 2-inch pipe in one-half to three-quarters of an hour. 
The special pipe thawing transformer has been found useful in — 
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thawing out leader or drain pipes, pump suction lines, etc., that have 
been subjected to freezing conditions. In one instance, 600 feet 
of cast iron pipe were frozen, and not having any means of telling 
just when the ice was removed the current was applied for so long 
a period as to generate a sufficient amount of heat to flux the lead 
joints. This instance, however, is the only one where electrical 
thawing has caused the company any repair expense. 

When drain or waste pipes from boilers are placed in exposed 
positions, subject to freezing, a very good plan is to have installed 
along the central axis of the drain, a small-diameter iron pipe. Per- 
manently fastened wires can then be connected to each end of the 
pipe and when ice clogs the drain the small pipe can be heated elec- 
trically until the ice core is melted enough to allow the hot water 
from the boiler to drain through and complete the thawing. 

Many of the electric light companies now maintain suitable equip- 
ment for electrical thawing, which work is done under an agreement 
with the water companies. It is quite necessary to have at least 
one experienced lineman connect the high-tension wires, connect 
the wires from the transformer to the water pipe, regulate the trans- 
former, etc. While the use of such an equipment is not particu- 
larly dangerous, except in making the connection to the high-tension 
wires, it might prove more or less dangerous if attempted by some- 
one inexperienced in this line of work. It is therefore good policy 
to have the local electric company do this work until such time as 
the water department’s employees are thoroughly familiar with 
the proper handling of the apparatus. 

During the winter of 1916 and thus far in 1917, our machine has 
been used in thawing twenty service connections. The machine 
has operated with perfect satisfaction and in no cage has it failed 
to give relief. The average cost per service, including labor, cart- 
ing and interest and depreciation charges, was approximately $5.00, 
which expense is borne by the company, no charge being made to 


the consumer. 


DISCUSSION 


TuHeopore A. Leisen: In Detroit services are installed at the 
expense of the consumer, who is required to pay for all repairs, in- 
cluding thawing. The Detroit Edison Company thaws the services 
at a flat rate of $10, regardless of the size of the pipe. The number 
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of services thawed each winter is between 50 and 100, and none of 
them exceeds 1 inch in size. ‘S, 

The speaker desires further information from Mr. Machen re- _ 
garding the condition of the contents of the pipes when the ice be- 
gins to thaw; does the ice come out in the form of a solid core or is _ 
it entirely melted? It will also be instructive to learn ifthere was 
any radical change in the temperature of the water from February — 
12 to March 12. 


J. WaLTER ACKERMAN: In such work as the papers on thawing © 
frozen water mains describe, the responsibility for restoring a frozen _ 
pipe to service is of importance. In Auburn, N. Y., the portion of 
the service pipe from the curb stop to the house belongs to the property 
owner and he must look after it. The portion from the curb stop to 
the main must be looked after by the water department, which does _ 
not have the same control over the laying of the part beyond the _ 
curb stop that it has over the part in the street. This difference in _ 
responsibility may make a difference in the best method of thawing - 
mains by contract with an electric company. ‘ 


Frank C. Kimpauu: All the service pipes of the 
Water Company are laid at the expense of the consumer, but the _ 
company maintains the street portion of them indefinitely and also — 
maintains for fifteen years the part from the street to the building | 
when it lays the pipe itself. As a consequence the company regards — 
restoring a frozen service pipe as part of its maintenance work, for _ 
freezing can only occur from laying the pipe at an insufficient depth — 
to prevent it, which is certainly not the fault of the property-owner. 


E. J. Jenkins: During the past winter the East Chicago & Indiana ~ 
Harbor Water Company thawed out 27 services electrically, for ; 
which the Northern Indiana Gas & Electric Company charged $15 
per service. There is no question but what this price is unreason- 
able, and is due to labor conditions. For this work, they used a — 
truck, and what the local union calls a regular gang of five men, — 
while the work could be taken care of with two men. This labor | 
expense, and the use of a 3-ton motor truck, was the cause of the 
work costing so much. The speaker does not think that the steam | 
method is to be compared with the electrical method, where lead — 
pipe is used for services. It is impossible to lay lead pipe per- 
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he 
fectly straight, and it is impossible to work a steam line through 
pipe that is not perfectly straight. If services were run with gal- 
vanized iron pipe, which would be perfectly straight, steam would 
be the ideal thing to use. 

The following notes were furnished by Mr. Crawford, of the 
Northern Indiana Gas & Electric Company. 


The use of electricity for thawing out frozen underground water pipes re- 
quires a transformer, say, of 10 or 20 kilowatts capacity, which can be taken 
to the locality required, connecting the primary with the high-tension circuit 
passing the place, and then connecting the secondary through an ampere 
meter and rheostat to the service in trouble. Where services from the street 
mains to two adjacent houses are both frozen, it is only necessary to connect 
the secondary circuit to the kitchen faucets of both houses and thus the 
circuit is complete through the service of one house to the street main and 
back through the service to the second house. 

Where the service of but one house is to be thawed, one end of the secondary 
circuit is connected to the kitchen faucet and the other end to the nearest 
street hydrant or other street connection. Currents of 20 to 500 amperes 
are used, obviously varying according to the conditions; and the time taken 
to thaw the ice sufficiently to start the water running will be from ten to forty- 
five minutes or perhaps three to eight hours, according to circumstances. 
The average time for the ordinary house service will seldom exceed forty- 
five minutes, while for a 5 or 6-inch pipe that has been frozen solid the highest 
amount of current and time mentioned will be required. 

It is very seldom necessary to melt the entire plug of ice, as the thawing 
of a thin sheet next the metal will start the water running and that will con- 
sume the ice in a short time. 

The following table is compiled from data that have appeared in various 
periodicals. It represents average conditions for last year, and shows what 
may be expected in the future. i 


Average conditions for thawing frozen pipes 


TIME REQUIRED 
SIZE PIPE LENGTH f TO THAW 


inches feet 
minutes 
minutes 
minutes 
minutes 
hours 
hours 
hours 
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Rosert L. Ciemmitt: In Baltimore there is seldom trouble from 
frozen pipes, except in unusually cold winters. In January, 1912, 
the weather was very severe and quite a number of services froze 
and the water department had some unique experiences in con- 
nection with them. On one occasion, when thawing the frozen 
services by electricity, the gas and water pipes were in contact in 
the cellar of the property where the work was done. The current 


caused the lead connections to the gas meter to fuse and ignite the 
escaping gas, and but for the presence of experienced men a serious 
fire would have resulted. On another occasion, when working on 
a service at night, the men noticed that it took quite a long time to 
get results, and at the same time the gas company was having con- 
siderable trouble in a lower lying section of the city adjacent to 
where these men were working. All the gas lights went out and the 
gas company’s telephones were kept busy. It was finally found that 
the water service pipe being thawed was in contact with a gas service 
which it crossed at right angles, and that the currrent had made an 
arc between the two and welded them together, leaving about a 
2-inch hole through from the water to the gas service. When the 
water service was finally thawed the water, of course, flowed into 
the gas pipe, with the result that all the gas distribution system in 


a large section of the city, probably a square mile, was charged with a 


water under pressure. ana 5 


ad 


G. O. House: Although the winter viii at St. Paul re- 
mains below 20° below zero for a month at a time, the water de- 
partment does not have a great amount of trouble with frozen 
services because it is organized to take care of them. During the 
last year about a thousand cases of freezing were treated, at a flat 
rate of $5 per service, which more than repays to the water depart- 
ment the cost of the service rendered. 

The work is done with an independent generating set made for the 
purpose at a cost of $2700. A gasoline engine drives a generator 
which furnishes current up to 500 amperes at 40 volts; it is seldom 
necessary to use a current of more than 250 amperes at 25 volts. 
This outfit is mounted on a trailer, from which it can beremoved 
when the cold weather is over. It has been found possible to thaw 
any frozen pipe up to 2 inches i in size in about five minutes — 
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a THAWING FROZEN WATER. MAINS BY ELECTRICITY 


During the last winter the water department has permitted con- 
sumers to allow water to run through services which became frozen. 
In case a service freezes, a note to that effect is placed on the ledger, 
the water is allowed to run during the periods when freezing may 
recur, the meter readings are kept during these periods, but the bills 
are rendered in accordance with previous readings during that 
period. The past winter is the first during which this system has 
been followed and it is not yet possible to give the percentage in- 
crease in consumption during the cold weather as a result of this 
practice. As the department tells the owner of a building how deep 
he must have the service pipe laid, it should assume all responsibility 
for frozen pipes outside buildings. 


R. J. Jounson: The experience of Saginaw with the thawing of 
frozen mains by contract with the local electric light company was 
unsatisfactory. The work was not done promptly and the cost of 
$6 was considered too high. A portable generating plant was ob- 
tained and last winter about 300 services were thawed out during a 
period of ten weeks of zero weather at an average cost of less than 
$3 each. The promptness with which the services were thawed was 
much appreciated by the public after its experience with the tardy 
work of the electric company. 


Harry F. Huy: During 1912 the Western New York Water 
Company had occasion to determine the cost of thawing services 
in the city it supplied with water. There were about 800 services 
thawed electrically in conjunction with the Electric Public Service 
Company. This cost was considerably more than $3; in fact, it 
was agreed that the proper charge would be about $8 per service, to 
allow for overhead charges, investment and maintenance. 

There is no way to prevent services from freezing again except by 
lowering them to the proper depth or taking other means to insu- 
late the pipes. The best thing to do is to reinstall the service pipe 
properly for it is not fair to either the water works man or the tax- 
payer to allow consumers to leave their faucets coe — waste wate 


during freezing weather. 


H. B. Macuen: From the prices charged as tated by the various 
_ speakers, it appears that the New York City charges are based on 
a service rendered basis, and are not a direct: function of the actual 
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saving to the property 
owner using electricity for freeing ice on a service connection is so 
great compared to the methods heretofore followed that it has not 
appeared excessive. 

The advantages of doing the work by municipally owned and 
operated equipment such as referred to by Mr. House of St. Paul 
appear to warrant any city where freezing service mains may occur 
in investing in a gasoline-engine-driven electric equipment, which 
should not cost more than $2,000 mounted on small autotrucks. 

Answering Mr. Leisen’s questions, in thawing out the line the 
current heated the pipe and melted a portion of the ice immediately 
adjacent to the metal. Owing to the considerable amount of curva- 
ture, however, the ice cores did not force their way through, but with 
the flow of the heated water rapidly disappeared, so that by the end 
of the day a full and free flow of water appeared. The temperature 
was taken at varying depths in a rather crude manner, using the 
ordinary recording maximum and minimum thermometer. On 
February 24 with 40° in the air, the surface water had a temperature 
of 22°, and at a 50-foot depth 29° was reached. On March 5 the 
temperature at a 15-foot depth was 29°. 

It has not been possible to test the 6-inch line after thawing, as 
no other line was available for supply to the Island. Recently a 
new submarine line has been completed and it is expected with the 
near future to pass a satisfactory acceptance test, so that it will be 
possible to use the 12-inch main for service and make tests on the 
6-inch main. However, the results may not be fair to the line, as it 
has been through several severe trials between 1912 and the present 
time. On one occasion a schooner dragging its anchor picked up 
the 6-inch main. It was necessary to cut the cable and abandon the 
anchor in order to prevent the heavy drag of the schooner pulling 
the main out of position. 
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SOCIETY AFFAIRS 


IOWA SECTION 


The annual meeting of the Iowa Section was held at the Grand 
Hotel, Council Bluffs, on October 10 to 12 inclusive. Charles R. 
Henderson, chairman of the Section, presided and there was a total 

attendance of 29 members, 6 associates and 23 guests. 

Papers or addresses were presented on the following subjects: 

“Recovering a Pump Lost in a Deep Well,” by W. A. Judd. ee: 

“Water Supply and Water Pressure,” by Ole O. Roe. 

“American Water Works Laboratories,’ by Jack J. Hinman, Jr. 

“The Presumptive Test for B. Coli,” by Prof. Max Levine. 

“Chemical Methods,” by Joseph B. Thornell. 

“The Council Bluffs City Water Plant,” by J. Chris. Jensen. ‘- 

“The Fort Dodge Cantonment,” by K. C. Kastberg. 

“Early Experiences in Water Works Construction it in Iowa,” by 
Charles P. Chase. 

“The Omaha Water Plant,’”’ by R. B. Howell. : at 

“Metalium,”’ by Homer V. Krouse. 

Informal discussions were held on (1) lack of pressure in small 
systems due to friction, and (2) fire pressure and the elimination of 
small size mains. 4 

The following officers were elected: Chairman, 8. L. Etnyre; 
vice-chairman, W. A. Judd; directors, G. E. Shoemaker and B. F. 
Stedman. These officers subsequently re-elected Jack J. Hinman, 
Jr., State University of Iowa, Iowa City, Iowa, as secretary- 
treasurer. 

The Committee on Sanitary Drinking Fountains presented a prog- 
ress reported and was continued. 

During the meeting a visit was paid to the pumping stations of 
the Council Bluffs water works. 

The following resolutions were passed: 


WueEnreas, the people of the United States have become engaged in war and 
it is the duty of every loyal citizen and every association of loyal citizens to — 
do all that lies within their power in the aid of the government, 
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Be It Recuhin: that the ees Section of the Anton Water Works Asso- 
ciation expresses to the President of the United States its desire to be of service 
to the nation and its determination to stand squarely behind the President in __ 
this national crisis. 


Wuereas, Mr. Charles R. Henderson, Manager of the Davenport Water 
Company, of Davenport, Iowa, has from the first shown great interest in the sh 
welfare and progress of the Iowa Section of the American Water Works Associ- 
tion and has devotéd a very considerable amount of his time to the affairs of __ 
the Section. 

Be It Resolved, that the Iowa Section of the American Water Works Associa- _ 
tion expresses its appreciation of his efforts and his devotion to its interests. 


CENTRAL STATES SECTION 


The annual meeting of the Central States Section was held at ie . 
Boody House, Toledo, Ohio, September 5 and 6. The paper on he 
“Present Tendencies and Progress in Water Works Practice’ read 
at the Richmond Convention by John W. Alvord was presented at * . a 
the first day’s session by J. C. Beardsley, in the author’s absence. | 

The session of the second day was given up to animated discussion 
of the following subjects: er 

“Stand Pipe Painting,” led by A. W. Inman. Pe mee pe 

“Does Metering Water Affect the Public Health Rate,” led by 
M. Z. Blair. 

“How Much Publicity Should Be Given the Administration of 
Water Works Affairs,” led by C. H. Wetter. 

“What is the Best Method of Making Repairs to Pavements Torn 
up for Water Works Construction,” led by J. H. McGinty, with 
short paper by J. M. Diven. 

The following officers were elected: Chairman, J. N. Chester; 
vice-chairman, John A. Poland; treasurer, A. W. Inman; director, 
Theodore A. Leisen. 

The attendance was about one hundred. During the meeting 
the Toledo Water Department gave a theater party to the Section, 
and a visit was made to the filtration plant and pumping station. 


NEW MEMBERS 


Active 
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John F. Clinkenbeard, Water Commissioner, Missouri Valley, _ 


AIRS 


Theodore Kapoustine, Municipal Water Works, Petrograd, 
Russia. 
Peter Kern, Manager Water Department, Ft. Madison, Iowa. 
Alfredo F. Lasso, Civil Engineer, Buenos Ayres, Argentina. 
‘William J. Orchard, Sanitary Engineer, 137 Centre Street, New 
York. 
John A. Poland, Secretary Gas, Light and Water Company, 
Chillicothe, Ohio. 
Bartolome M. Raffo, Civil Engineer, Buenos Ayres, Argentina. 
C. O. Romig, Secretary and Superintendent Water Supply Com- 
pany, Dennison, Ohio. ote 


DEATHS 


Sidney Johnson Rosamond, Honorary Member. Born at Green- 
ville, S. C., June 19, 1862; died at Brevard, N. C., September 8, 1917. 
For seventeen years superintendent of the Fort Smith water works. 


George S. Cheney, Jr., general superintendent, Mountain Water 
Supply Company, Philadelphia; died September, 1917. 

Edgar Hodges, superintendent water works, Johnstown, N. Y.; 
died Septem 
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_Lowell, 135, 144 
Albany, N. Y., pumping engine tests, 
287 


Algae, effect of covering service reser- 
voir on, 532 
American Public Health Association, 
regulations for sanitary control 
of waterways, 384 
American Water Works Association; 
is it doing its full duty? 267 
Annual Convention, report, 395 
Annual presidential address, 267 
Auburn, N. Y., funding sidewalks 
and plumbing, 499 
thawing services, 548 


Bacteria, Denver water supply, 372 
Detroit water supply, 4 
effect of covering a service reser- 
voir, 532 
effect of ultra violet rays, 177 
quality of water and confirmatory 
tests for B. coli, 2 
relation to river stage and turbid- 
ity, 74 
swimming pool counts, 88 
Treasury Department standard for 
drinking water, 478 
Washington water supply, 532 
Baltimore, Md., pumping station 
labor costs, 298 
results of chlorination, 284 
thawing pipes electrically, 550 
Boiler-room management, 419, 426, 


429, 

Boilers, fire underwriters’ recommen- 
dations, 437 

rebuilding water-tube, 418 

Boone, Iowa, inverted siphon in suc- 
tion main, 110 

Booster station, Sioux City, 58 

— Mass., pumping engine tests, 

7 


pumping station practice, 504 
Bronze, corrosion in meters, 38 
failure of filter strainers, 472 
Brooklyn, N. Y., improvement of 
pumping station operation, 347 


Carbon dioxide in water, removal, 


129 
Cast iron service pipes, 258 at oe 


Cement gun, 454 mass 
Cement, Portland, 450, 460, 462, 463° 
Central States Section, 554 
Charter, Clarksburg, W. Va., water 
board, 517 
Chemical method of gaging flow, 192 
Chimney for 2200 boiler horse power, 
St. Louis, 420 
Chlorination, chlorine cell installa- 
tion of the Montreal Water & 
Power Co., 337 
comparative ‘tests of liquid chlor- 
ine and hypochlorite, 228 
Council Bluffs, 74 
Croton watershed, 9, 10, 11, 12 
Detroit, 208, 473 
frequent change of dose sometimes 
needed, 
Lake Michigan supplies, 233 
Minneapolis, 470, 476 
need of careful management, 220 
— of application of dose, 473, 
4 


recent progress in, 287 
Rockaway River watershed, 26 
swimming pools, 92 
Cholera at Hamburg and Altoona, 32 
Chutes for concrete, 452, 463 
Cincinnati, O., pumping ‘engine tests, 
287 


Cities, insurance classification for 
small, 363 
Clarksburg, W. Va., new charter for 
water board, 517 
Cleveland, O., results of chlorina- 
tion, 
Coagulation, Council Bluffs, 70 
Minneapolis, 467, 469 
piping for coagulants, 465, 474 
Coal, mixing anthracite and bitumi- 
nous, 510 
purchasing Boston, 507 
Omaha, 428, 5 
St. Louis, tbe 
Commissions for regulating public 
utilities, 46 
Committee reports, electrolysis, 386 
executive, 404 
finance, 409 
prevention of stream and lake pol- 
lution, 383 
publication, 412 
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Committee reports, standard specifi- 
cations for cast iron water pipe 
and special castings, 389 

water consumption, 378 
Concrete atomizer, 454 
Concrete, painting, 467, 475 
resistance to weathering and meth- 
ods of repair, 447 

Convention at Richmond, report, 395 

Conventions, conduct of, 275 

Copper sulphate, high bacteria counts 
after use, 77, 534 

use in Croton Lake, 9 
use in swimming pools, 93 

Council Bluffs, Iowa, treatment of 
water, 70 

Croton watershed sanitation, 6, 32 


Dam, earth, at Mattoon, IIl., 214 
Davenport, Iowa, water works, 104 
Deaths of members, 127, 264, 416, 555 
Denver, Colo., bacteria in raw and 
treated water, 372 
trenching machine work, 527 
water rates suit, 54, 56 
Des Moines, Iowa, chemical method 
of gaging flow in galleries, 192 
handling bad water complaints, 62 
results of chlorination, 284 
Detroit, Mich., coal purchases, 429 
thawing pipes electrically, 547 
trenching machine work, 524 
water-works, 206 
Disinfection, see Chlorination, Cop- 
per sulphate and Ultra-violet 


_Tays. 
Drinking fountains, sanitary, 65 
Electrical thawing of frozen pipes, 


Electrolysis, American Committee on 
Electrolysis, 125 
cable covering, 41 
chlorine cells, 337 
pipes, New York, 40 
report of committee on, 386 
water meters, 38, 43 
= experience with meters, 


Emergency supplies, danger, 220, 445 
chlorination of, 
Erie, Pa., results of chlorination, 284 
Evanston, IIl., results of chlorina- 
tion, 284 
Executive Committee, report, 404 
Filters, Iowa, 104 
Detroit, Mich., 210 
effect on typhoid rate, 282 
Michigan supplies, 233 
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Filters; Lowell, Mass., 143 
Minneapolis, Minn., 465 


Moline, IIll., 108 
practical problems in operation, 


5 
Rock Island, Ill., 107, 465 
Finance Committee, report, 409 
Fire protection, charges for, 316 
insurance classification for small — 
cities, 363 7 
pumping stations, 432 
Flint, Mich., coagulant piping, 475 
Flow in conduits, measuring by chem- 
ical methods, 192 
Forestry, Newark watershed, 2 
Four-state Section meetings, 263 
Funding sanitary improvements as a 
means of increasing water con- 
sumption, 489 


Gaging flow by chemical methods, 192 

Galleries, collecting, Des Moines, 192 

Galvanizing pipes, 189 

plumbing installations, 
49 


Hydrants, early, 332 


Illinois Section, what it has done 
and what it can do, 223 
meetings, 260 
Indianapolis, Ind., percentage of 
non-consumers in city, 492 
trenching machine work, 528 
Insulating joints, 45 
Insurance classification for small 
cities, 363 
Intakes in Lake Michigan, 231 
Inverted siphon in suction main, 110 
Iowa section, 
Iron in water, removal, 129 


Jersey City, N. J., results of chlori- 


nation, 


sanitation of watershed, 14 


Kansas City, Mo., results of chlori- 
nation, 284 


Laboratories, allowing for distance 
from sampling point, 485, 486 
car of Treasury Department, 480 


use in meeting bad-water com- 


plaints, 62 
value in control of water treat- — 
ment plants, 372 


_ Lake Michigan, supplies drawn from, 


231 
Lead, effect of Lowell water on, 134 
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Lime, ‘iiateis device at Council 
Bluffs, 72 

Lowell experiments in decarbona- 
tion, 131 

Louisville, Ky., buying coal, 429 

Lowell, Mass., decarbonation and 
removal of iron and manganese 
from ground water, 129 


Manganese in water, removal, 129 

Mattoon, IIl., municipal works for 
exclusive industrial service, 214 

Measuring flow by chemical methods, 
192 


Members, new, 128, 264, 415, 554 
Meridian, Miss., funding plumbing 
installations, 501 

Meters, corrosion of bronze in, 38 
economy of, 368 
effect on bills, 118 
Elgin, IIl., 368 
on all services, 114 
Richmond, Va., 335 


recent progress in use, 292 

repairs, 370, 371 mek. 

St. Paul specifications, 83 

tests, 118 

Venturi, prevention of stoppage by 
mud, 423 

Milford, N. J., pumping engine tests, 

287 


Milwaukee, Wis., typhoid fever, 237 
Minneapolis, Minn., filter plant oper- 
ation, 466 
polluted well water, 483 
raw and filtered water mains for- 
bidden to be connected, 446 
sterilizing water mains, 469 
troubles in go ag a 48-inch 
main, 355 
Minnesota Section, 126, 415 
Missouri River, treatment of water 
at Council Bluffs, 70 
Moline, Ill., water works, 108 
Montreal, P. Q., chlorine cell instal- 
lation of the Montreal Water & 
Power Co., 337 


Newark, N. J., protection of water- 
shed, 1, 35, 37 
New Jersey, law closing toilets of 
cars watersheds, 21 
laws - lating to pollution of water 
supplies, 21 
New members, 128, 264, 415, 554 
New York, sanitation of Croton 
watershed, 6, 32 
thawing frozen water mains, 538 
trenching machine work, 521 
New York Section, 126, 263 


Oil, methods of purchasing, 426, 513, 
515 


Omaha, Neb., buying coal, 428, 514 
results of chlorination, 284 
trenching machine work, 527 


Paint for concrete chemical-solution 
tanks, 467, 475 

Paying for plumbing by installments, 
489 


Pennsylvania Water Works Associa- 
tion, 126 
Pequannock River, sanitation of, 1, 


Permutit water treatment, 345 
Philadelphia, Pa., results of pump- 
ing engine tests, 287 
Pipe, corrosion by alkali, 43 
Lowell water, 134 
of old Richmond, 333 
iron and steel, 183, 253 
electrolysis, Brooklyn, 41 
Hoboken, 42 
insulatin 45 
Newark, 
New York, 
San Antonio, Tex., 43, 44 
for coagulants, 465, 474 
report of committee on revision of 
standard specifications, 389 
submerged, Boone, Iowa, 112 
Minneapolis, Minn., 355 
Puerto Barrios, Guatemala, 165 
vitrified clay gravity main, Mat- 
toon, 2 
Piping, steam, 419 
fire underwriters’ recommen- 
dations, 437 
small sizes, 510 
water, in pumpimg stations, 440 
Pittsburgh, Pa., pumping engine 
tests, 287 
Plumbers, licensing, 520 
Plumbing, funding installation of, 
489 


Pollution of streams and lakes, re- 
port of committee on prevention 
of, 383 

Poughkeepsie, N. Y., 
chlorination, 284 

President’s annual address, 267 

Private fire supplies, 82, 316 

Public health and public utilities, 
218 

and water supplies, 282 

Publication committee’s report, 412 

Puerto Barrios, Guatemala, e oo 
—_ with a submerged pipe 


results of 
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Pumping stations, Davenport, Iowa, 

105 

Detroit, Mich., 210 

effect of type on labor charges, 297 

i efficiency of St. Louis, 
41 

inverted siphon in suction, 110 

Lowell, Mass., 148 

Mass. metropolitan water district, 


Moline, IIl., 108 

recent progress in, 288 

records of cost and efficiency, 347 

reliability of pumping station de- 
sign, 432 

Sioux City booster, 58 

tests of deep well stations, Uni- 
versity of Illinois, 190 
Champaign & Urbana Water Co., 
239 


Quincy, Ill., laboratory control of 
treatment, 374 


Rahway, N. J., financing suburban 
extensions of mains, 501 
Railways, regulations relating to 
operation across watersheds, 25, 
30, 31, 37 
Treasury Department standards 
for drinking water, 478 <- 
water supply rates, 326 
Rates, see Water rates 
Red water, see Water, red 
Regulation of water works by com- 
missions, 46, 218, 276 
Rogers, effect of covering service, 
2 


Va., annual convention, 
95 
early water works experiences, 332 
trenching machine work, 527 
Rockaway River sanitation, 14 
Rock Island, IIl., filters, 465, 466, 474 
water works, 106 
Rusting of iron, 256 


Saginaw, Mich., thawing frozen serv- 
ices, 551 
Sand for concrete, 450 
Sanitary drinking fountains, 65 
Sanitation of watersheds, Croton, 6, 32 
Jersey City, 14, 36 
Newark, 1, 34, 37 
Secretary’s report, 405 
Sections of the Association, what 
they can do, 223, 274 
meetings, 126, 260, 415, 553 
Sediment, Whipple test for, 63 
Service charges, see Water rates 
i. 


Services, cast iron, 252 
<a to curb before paving, 
21 
metering all, 114 
steel and wrought iron, 
St. Paul, 81 
thawing frozen, 538, 544 
useful life, 258 
Sewage treatment, 
shed, 9 
Rockaway River watershed, 26 
Sioux City, Iowa, booster station, 58 
Siphon in suction main, inverted, 110 
Society affairs, 125, 260, 395, 553 


Croton water- 


Spring Valley Water Co., rates liti- 


gation, 54, 56 
Standpipes, effect on pumping sta- 
tion capacity, 435 
Steam piping, see Piping, steam 
Steamship water supply, 31 
Steam superheaters, 427 
Steel water pipe, 183 
St. Louis, Mo., coagulant piping, 475 
improved efficiency of pumping 
stations, 417 
_ pumping engine tests, 287 
Storage, effect on pumping station 
capacity, 435 
St. Paul, Minn., organization of wa- 
ter department, 78 
thawing frozen pipe, 550 


_ Submerged pipe, Boone, Iowa, 112 


Minneapolis, Minn., 355 

Puerto Barrios, Guatemala, 165 
Suction main, inverted siphon in, 110 
Sulphur in coal, 509 
Superheaters, St. Louis tests, 427 
Swimming pools, 86 


Terre Haute, Ind., rates, 55 _ 
Thawing frozen pipes electrically, 


Tonsilitis epidemic due to drinking — 


fountains, 68 

Treasurer’s report, 408 

Treasury Department standard for 
drinking water, 478 

Trenching machine work, 521 

Troubles in constructing a 48-inch 
submerged main, 355 


Turbidity, effect on coagulation, 73 = 


relation to river stage and bac- 

teria, 74 
Typhoid fever, Croton River water- 

shed, 7 

effect of water purification, 282 

Milwaukee, Wis., 237 

Newark, N. J., 5 

Quincy, IIl., 374 

Rockaway River watershed, 25 
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for water purifica- 


Ultra-violet rays, 
tion, 172 
Valuation of water works, 50, 294 — 
Valves, on force and suction mains, 


441 
opening with portable motor, 468 


Walkerville, Ont., compulsory uni- 
ae installation of plumbing, 


Washington, D. C., effect of covering 
a service reservoir, 534 
Water consumption, proportion of 
non-consumers in a city, 492 
report of committee 378 
Water, cost of, Newark, J., 2 
Water mains, see also Rina 
cleaning at Lowell, 150 
extensions into partly developed 
sections, 81, 501, 50% 
recent progress in distribution sys- 
tems, 291 
sterilizin Minneapolis, 469, 476 
thawing frozen, 538 538, 5 
trenching machine work, 521 
Water meters, see Meters 
Water rates, large consumers, 317, 
320, 321, 326 
minimum rates, 115 
output charges, 316 
railway supply rates, 326 
recent aspects of, 294 
regulation by commissions, 46, 276 
service charges, 116, 313 
Water, red, complaints in Des Moines, 


Whipple sediment test, 63 
Watersheds, sanitation of, Croton, 6, 
32 
Jersey City, 14, 36 
Newark, 1, 34, 37 
Water supplies, auxiliary emergency, 
220, 445, 446 
effect of temperature of water on 
consumption, 296 
for exclusive industrial purposes, 
214 
Lake Michigan, 231 
private fire supplies, 82 


Water supplies, recent progress and 
tendencies in municipal, 278 
report of committee on prevention 
of stream and lake pollution, 
Department standard, 
7 
water accounted for, 296 
Water treatment, Council 
Iowa, 70 
Davenport, Iowa, 104 
decarbonation and removal of i iron 
and manganese, 129 
Detroit, Mich., 210 
Lowell, Mass., ‘129 
Moline, Ill., 108 
Montreal chlorine cell 
7 
practical problems in filtration 
plant operation, 465 
recent progress, 282 
Rock Island, IIl., 106, 465 
swimming pool treatment, 90 
ultra-violet rays, 172 
Water-works, charter of Clarksburg 
water board, 517 
Davenport, IIl., 104 
Detroit, Mich., 206 
for exclusive industrial purposes, 
214 
forty-five years experience in, 332 
funding sanitary improvements as 
a means of increasing water con- 
sumption, 489 
insurance classification for small 
cities, 363 
management, 78, 218, 300, 306, 517 
Mattoon, IIl., 214 
Moline, Ill., 108 
regulation by commissions, 46, 218 
relation to public health, 218 
Rock Island, Ill., 106 
Wells, Champaign & Urbana Water 
Co., 239 
Lowell, Mass., 129 
Minneapolis, pollution, 483 
Sioux City, lowa, ” 
University of Illinois, 190 — 
Whipple sediment test, 63 


Bluffs, 


OF 
: 
a 
al 
the 
“i 
an 


ar 


AUTHOR INDEX 


ACKERMAN, J. WaLterR, funding 
plumbing installations, 499 
thawing services, 548 
ALLEN, Harry V., electrolysis, 41 
ALvorbD, Joun W., chemical method 
of measuring flow, 199 
recent progress and tendencies in 
municipal water supply in the 
United States, 278 
Treasury Department standards 
for water, 483 
AppLeBAuM, & B., electrolytic chlo- 
rination, 345 
ARMSTRONG, JAMEs W., labor charges 
in pumping stations, 297 
Arkins, D. F., electrolysis, 41 


Baker, M. N., financing plumbing 
installations, 500 
trenching machine work, 529 
Barpour, Frank A., decarbonation 
and removal of iron and manga- 
nese from ground waters at 
Lowell, 129 
spouting concrete, 438 
Barnakp, H. E., public utilities and 
public health, 218 
Barnes, T. Howarp, experience 
with a submerged pipe line in the 
Puerto Barrios water works, 165 
Epwakp, chlorination costs, 
standards for water, 484 
BEARDSLEY, J. C., use of water me- 
ters, 114 
Brec_er, P. S., some tests on motor- 
driven deep-well pumps, 239 
BrrpsaLu, Lewis I., practical prob- 
lems in filtration plant operation, 
465 
sterilizing water mains, 485 
BREITZKE, CHARLES F’., sanitation on 
the Rockaway River watershed, 
14 
Brown, C. D., financing plumbing 
installations, 501 
Brusu, W., trenching machine 
work, 521 
But.er, R. A. (with F. C. Jordan), 
funding sanitary improvements 
as a means of increasing water 
consumption, 489 


CaPPELEN, F. W., pollution of deep 
well supplies, 483 
prevention of mingling of raw and 
filtered water, 446 
troubles in constructing a 48-inch 
submerged line, 355 
Carin, Purp, the 
booster station, 58 
Carson, Martin R., water supply 
of the Quad cities, 104 
Carson, Harry Y., rusting of pipe in 
service, 252 
CuesteR, Joun N., buying coal, 514 
funding plumbing installations, 498 
pumping station design, 444 
sanitary precautions for railway 
water supplies, 487 
service charges—how constituted, 
313, 324 
tamping concrete, 457 
Cuerney, G. 8., service charges, 
321 
Ciemmitt, Rosert L., thawing pipes 
electrically, 550 
Corrin, T. D. L., sanitation of the 
Croton watershed, 6 


Sioux City 


Davis, CarLeTON, E., oil specifica- 

tions, 513 
pumping station design, 444 

Davis, E. E., forty-five years’ ex- 

perience in water-works, 332 
trenching machine work, 527 

Day, Leonarp A., improved effici- 
ency of the St. Louis pumping 
stations, 417 

DeBerarp, W. W., uniformity of 
bacterial work of different lab- 
oratories, 372 

Doane, ALFRED O., pumping in the 
Massachusetts metropolitan wa- 
ter district, 504 

Dunuap, J. H., sanitary drinking 
fountain, 65 

Dutton, M. sterilization by liq- 
uid chlorine and hypochlorite of 
lime, 228 


Encer, Metvin L., some costs of 


maintenance of motor-driven 
deep-well pumps, 190 


a 
* 
é 
a 
+ 
j 
q 
i, 
: 


Fisk, I. W., some tests on motor- 
driven deep-well pumps, 239 
A. Prescorr, trenching 

machine work, 529 
Frencu, D. W., electrolysis, 42 
Fritze, L. A., value of laboratory 
control, 376 


Ganz, ALBERT F., electrolysis, 44 

Gaus, Joun, effect of covering a 
service reservoir, 532 

Getston, W. R., utility of laboratory 
control, 373 

Go.psMiTH, CLARENCE, reliability of 
pumping station design, 432 

GREELEY, SAMUEL A., treatment of 
= water supplies from Lake 

fichigan, 231 


HANSEN, PAuvt, what the Illinois Sec- 
tion has done and can do, 223 
Haw.ey, W. C., relations between 

water departments, companies, 
and the public, 300 
Hazen, ALLEN, electrolysis, 43 
sanitation of watersheds, 37 
service charges, 322 
HENDERSON, CHaRLEs R., public and 
private water-works, 222 
pumping station operation, 513 
Herine, consumption as 
affected by temperature of water, 
295 


dense concrete desirable, 458 

Hiaper, I. M., trenching machine 
work, 580 

HIGHLAND, ScoTLAND G., new char- 
ter of the Clarksburg, W. Va., 
water board, 517 

Jr., Nicuowas S., electrolysis, 
1 


HINMAN, Jr., Jack J., swimming 
pool operation, 86 
Houser, Garrett O., some problems 
of the water-works executive, 78 
thawing frozen services, 550 
Howe tt, R. B., coal buying, 428, 
514 
trenching machine work, 526 


“A _ Hoy, Harry F., thawing frozen serv- 


ices, 551 


James, Ciaupe L., municipal water- 


works constructed and operated 

solely for industrial service, 214 
JENKINS, E. J., thawing pipes elec- 

trically, 548 
Jounson, KR. J., thawing 
ices, 551 


frozen serv- 


563 


JorDaNn, F. C. (with R. A. Butler), 
funding sanitary improvements 
as a means of increasing water 
consumption, 489 


KasTBerG, Karu C., inverted siphon 
in a suction line, 110 
KemB iE, F. T., electrolysis, 43 
KIMBALL, FRANK C., financing plumb- 
ing installations, 503 
thawing frozen services, 548 
T., experience 
in handling bad-water com- 
plaints and laboratory control, 
62 


Kirsten, A. F., paying for suburban 
extensions, 501 
Know gs, C. R., relation of the rail- 
road to the city water plant, 326 
Koun, C. L., charges for railway wa- 
ter supplies, 331 
economy of meters, 368 


Lepovux, J. W., service charges, 320 


LeIseNn, THEODORE A., buying coal, 


charges for railway supplies, 329 
Detroit water works, 206 
chlorination at, 473 


thawing pipes electrically, 547 if 
trenching machine work, 525 oat 


Leopo.p, F. B., filter plant design, 
474 

Letron, H. P., Treasury Depart- 
ment standard for deinking wa- 
ter, 478 

Francis F., concrete in 
water-works practice, 456 

water waste, 296 J . 

LuscomBe, plumbing in- 

stallations at Gary, 499 


MacDona .p, E., charges for railway 
supplies, 329 

Macuen, H. B., thawing frozen serv- 
ice connections by means of 
electric current, 538 

Mars, R. C., repairing meters, 370 

Mason, W. P., sanitation of water- 
sheds, 30 

Maxwe D. H., flow measurement 
in a water collecting gallery by 
the chemical method, 192 

McMangz, W. I., thawing frozen wa- 
ter mains and service pipes by 
electricity, 544 

Meapows, James O., (with F. H. 

Pitcher), chlorine cell installa- 

tion of the Montrea ater 

pies 


| 
. 
Co 
a 
J 
> 
a 
an 
4 
q 
; 
a 
g 
. * 


AUTHOR 


‘Mercatr, LEONARD, omission of 
drinking cups on trains, 487 
presidential address, 267 
some observations upon public reg- 
ulation of water-works, 46 
trenching machine work, 527 
MILLIGAN, R. E., sanitation of water- 
sheds, 31 


NeELson, FRED B., electrolysis, 38 


Orcuarp, W. J., sanitation of water- 
sheds, 36 


Parton, W. 8., suburban extensions 
of water mains, 502 

Pitcuer, F. H. (with J. O. Mead- 
ows), chlorine cell installation of 
the Montreal Water & Power Co., 
337 

Porrer, ALEXANDER, electrolysis, 43 

sanitation of watersheds, 34 

Purpy, J. H., work done by the 
Pennsylvania Water Works As- 
sociation, 126 

Race, Josepu, sterilizing water 
mains, 473 

Reimer, A. A., relations between a 
water department and the pub- 
lic, 306 


Roos, C. M., seeking better insur- 
ance classification for small cit- 
ies, 363 

ROSENTRETER, HERMANN, electroly- 
sis, 42 


SuHerReRD, Morris R., protection 
of the watershed of the Newark 
water-works, 1, 37 

Situ, J. WALDO, concrete in water- 
works construction, 459 

Smitu, O. M., value of laboratory 
eontrol,* 373 


1. 


Spau.pine, W. J., charges for rail- 
way water supplies, 330 
cost of meter repairs, 371 
SPELLER, F. N., service pipes, 183 
Spencer, R. R., ultra-violet rays; 
their advantages and disadvan- 
tages in the purification of water 
172 


THORNELL, J. B., treatment of Mis- 
souri River water at Council 
Bluffs, Iowa, 70 

Totman, Mayo, Hargraves-Bird elec- 
trolysis cell for chlorination, 345 

point of applying chlorine dose, 473 
water sampling, 485 

TRAUTWINE, JR., JOHN C., 

room efficiency, 428 


boiler 


WEGMANN, Epwarp, sanitation of 
watersheds, 33 

Weston, Ropert Spurr, Treasury 
Department standards for water, 
482 

Wiac, Rupoupu J., concrete in water- 
works structures, with special 
reference to its resistance to 
weathering and methods of re- 
pairing it, 447 

Wia.ey, Cuester G., enforcement 
ph standards for water supplies, 


Wires, C. W., trenching machine 
work, 526 

Wison, Joun, fallacy of extending 
service connections to the curb 
line before paving, 121 

Wotrr, Mark, pumping station cost 
and efficiency records, 347 

WoLMAN, ABEL, quality of water and 
confirmatory tests for B. coli, 200 

WorkE Lt, M. L., financing plumbing 
installations, 50 


564 

| 

7 id 

4 
7 
a By J 


: 


rae THE AMERICAN WATER 


WORKS ASSOCIATION 


OFFICIAL BADGE 


we 


The above cut is s facsimile, exact size, of the official badge or emiblem of the Association. It is of 


gold and blue enamel; made with a pin, but cati be made as a button of watch charm. 
The price in. solid gold is FOUR DOLLARS and they can be procured from the secretary. 


A emaller badge of the same design, made as a button, can be made, size about that of the inside 
circle of thé. one ilidstrated above, for about $2.50, if an order for fifty is received. The émaller badge 
will be ‘an exact counterpart of the latge one in every detail. The order for fifty is necessary wo secure 


4 


M. DIVEN, Secretary 
47 State St.,. Troy, N.Y. 


_ ‘These badges are not to be confused with the usual convention badge, but are for everyday use. 


STANDARD METHODS FOR” 
THE, ANALYSIS OF WATER 
AND SEWAGE, 1917. 

age 


THOROUGHLY REVISED. . YOU CANNOT 
AFFORD TO; USE-AN OLD 


NOW FROM. THE 


AMERICAN PUBLIC HEALTH ASSOCIATION 


DRAWER 
“128 ‘Mass. Ave. Boston, Mase. 


WATERPROOF CLOTH, $1.25 Postpaid 


BADGES 
% 
| 


Although britherily des 
signed.for use at 20°C. 
the “‘Lowremp” incaba- 
tor ean: be ‘used. just 
satisfactorily ‘at any tem- 
perature'from about 10° 
to 40° C; 


. The \Thelco ‘“‘all 
metal”: thermestat. is 
quickly. atid’ easily; set 
for ‘any. temperature 
within the Tange of the 
incubator ‘and will main- 
tain indefinitely constant 
temperatute to one de- 
gree Centigrade. 


Adjustable’ cold, ait 
oireulation around. the 
inside jacket of incubator 
and. splendid ‘insulation 
reduces the ice conéump- 
tion to a minimum and 
secures highest possible 


{| Exterior of inicpbator 
is .of glazed porcelain 
fused ‘on steel at 2000° F. 
The ‘mest. perfect sani- 
tary construétion. 


Mounted on heavy tron base 
Dimensions of Working 
Chamber 
18 by 15 by 22 inches, $252.50 
Descriptive pamphlet on request 


-EIMER & AMEND 


POUNDED 1981 


Third Ave., 18th té 19th Sts., New York City> 


Branch Offices and Showrooms 
2011 Jenkins. Arcade, Pittsburgh, Pa. 48 Sparks: St., Ottawa, Canada 


| 

| 

| 

vip 


= 
= 
: 
4 
a 
> 


